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Connect 


There are warning signals in welding shops 
that are sometimes overlooked by busy 
executives. These signals mean lost arc time 
that almost invariably results in wasted man 
hours, lowered production and less profit 
from the welding process. Heat belongs in 
the welding arc and no other place; when 
it appears elsewhere in the welding circuit, 
it is a@ signal that says, “Something is 
wrong.” TWECO cable connections will 
improve your profit picture. Write for our 
“Causes and Cures” bulletin on this problem 


2 HUSKY MEMBERS 
of a sturdy welding family 


TWECO stands guard 
over welding profits 


It is important that the holder be cool running to avoid blistered operator hands and 
lost man-hours — TWECOTONG is the answer. There is a TWECOTONG for every 
job. Four models give a range of sizes to fit the rod and amperage needed 
Unnecessary operator fatigue is avoided if you “Job-select’ your holder from the 
@ menace to production and profits. If you “Weld with Twecotong line. Remember, too, that TWECOTONGS tough fiberglas insulation 
Tweco" you operate at maximum efficiency from the quickly replaceable when orc-charring or natural wearout occurs. Long lasting 
ground to the holder. Super-Mel tip insulation is available at small extra cost where heats are extreme 
and service is severe. Switch to TWECOTONG for increased welding efficiency 
Model A-38 Model A-14 Model A-316 Model A-532 


500 AMPS 300 AMPS 250 AMPS 200 AMPS 
for 3/8-3/32" rod for 1/4-1/16" rod for 3/16-1/16" rod for 5/32-1/16" rod 


6.50 $5.00 $4.75 $4.50 


Prices slightly higher with heavy duty ‘“SUPER-MEL"’ insulation 


A welding circuit is a pipeline for electric current; it 
can no more operate efficiently with poor connections 
thon your garden hose at home. Poor connections are 


It is important to have a solid ground connection that is quickly removable and 
TWECOTONG 
ond HOL-GRIP easily attached again to the work. INSIST on Tweco Redhead Ground Clamps for 
Electrode Molders this purpose. TWECO Redhead Ground Clamps have powerful jaw grip for positive 
contact, easy-on cable clamps, welded jaw shunts in the larger sizes, insulated 
springs and high copper alloy construction. A size for every work requirement 


Redhead Model Amp. Capacity Cable Capacity Price 
125 Ampere No. 6, 4, 2 $1.50 


CARBON 300 Ampere 4, 1/6 3.00 
Electrode Holders . 500 Ampere 1.0 thru 40 4.50 
TERMINAL Write for Quantity prices. They save you 10 to 27% 
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CABLE SPLICERS 


REDHEAD Write for Twecolog <7 giving dota and prices on the complete TWECO line of 
electrode holders, ground clamps and cable connections for electric welding 
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YOUR TWECO DISTRIBUTOR CAN SUPPLY YOU 


Whether AC or DC there’s EXTRA PROFIT for you with 


HOBART simplified ARC WELDERS 


With Hobart Simplified Are Welders you 
get profits that are not mere claims but 
actual facts— facts that you can prove 
to yourself by actual test. 


An actual test will bring out facts that are im- 
mediately apparent, such as cooler operation, 
extra capacity, easier arc control, and time- 
saving exclusive features—which make it 
easier for your operator to do more welding 
per day with better penetration, with 
fewer rejects, and with less effort to them. 


If you are not using Hobart Welders on your 
production, construction or maintenance work, 
it's time you made an investigation of these 
money-saving, profit-making welders. An in- 
vestigation costs you nothing—in fact, we're 
anxious to show you how Hobart Simplified 
Welders can help you in these days when 
higher production costs and lower profits are 
a real problem. Just mail the coupon for com- 
plete details—no obligation. 


HOBART BROTHERS COMPANY 
BOX w4J-29, TROY, OHIO 


“One of the World’s Largest Builders of Arc Welders” 


Enroll now! 
Special “brush-up” courses 


A modern school, teaching new 
welding techniques, both arc and 
gos. A ‘‘brush-up” course brings 
you up-to-date on everything that's 
new. Low in cost, a non-profit 
school. Write for details. 


The HOBART SCHOOL of 
welding 


T=. HOBART BROTHERS COMPANY, Box WJ-29, Troy, Ohio 
H Am interested in extra profit through use of Hobart FREE! 


Welders. Send complete information and cotalog on 
A.C. WELDERS [) D.C. WELDERS Hobart 
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( HOBART ELECTRODES to Better 
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Practical Design for Arc Welding \¥ Firm 
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ideas on how to use welding with profit. Per. Vol. 
Set of 3 different books $10.00 
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It takes years of training to acquire 
the «kill to properly forge one of 
these lurge seam welding wheels. 


It takes all three... 
SKILL, EXPERIENCE AND TOOLS 
... to make the forgings you need 


MALLORY CAN SUPPLY YOU! 


If you need seam welding wheels, rods, rectangles, die blocks, bearings, 
bushings. shafts. spindles. or special shapes ... made of hardenable copper 
alloys which are specifically designed for the job... you want to see Mallory! 


Mallory metals and designs are the result of years of research and engineering 
skill in the Resistance Welding field. Mallory has perfected methods of hot 
forging, heat treating and cold forging that give Mallory forged alloys the 
maximum uniformity in density and hardness. 

Whatever your Resistance Welding problem, Mallory can supply your needs 
from one of these forged alloys . . . all have special characteristics for efficient 
operation on special jobs . . . Mallory 3*. Elkaloy A*. Mallory 53-B, Mallory 
73. Mallory 100. Ps 


SEND YOUR SPECIAL FORGING PROBLEMS TO MALLORY, AND BE SURE! 


In Canada, made and sold by Johnson, Matthey & 
Vallory. Lid... 119 Industry St... Toronte 15. Ontario 
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SPECIAL STEELS 


SEE WHAT’S HAPPENED 
TO WELDING ELECTRODES! 


.Time was when you had to tackle almost every arc 
welding job with just one electrode. Now electrode 


types come by the score. 


Nearly 20 years ago M & T started something with its 


Murex “hot rod" for downhand welding — one of the first 


electrodes engineered to do a specific job and do it better. 
Today M & T is well out in front with the "SELECT 70.” 
Yes, now there are 70 types of electrodes in the M& T 


line — each one selected from a number of designs to 


give top performance on a particular class of work — 


each one picked to help you do the best possible job, 


more speedily, at lower cost. 
You need look no further than M & T's "SELECT 70” for 
easy selection of the right electrode for any application. 


Write today for your brief but comprehensive catalog. 


METAL & THERMIT CORPORATION 


120 Broadway WNew York 5, N. Y. 


NEW ARC WELDERS BOOST 
AC and DC PERFORMANCE 


| ete welding, better quality 

welds, lower power costs, and 
Pl maintenance are furnished 
by a new line of AC and DC arc 
welders introduced by Metal and 
Thermit Corporation. 

Built-in capacitors for high power 
factor, wide current range for full 
rated output, and, fingertip, stepless 
current control for precise current set- 
ting are featured in the AC units. 
Available in 150 to 500 amp. models 
for manual arc welding, additional 
models for inert arc and automatic 
welding. 

Full capacity, rugged duty DC arc 
welders are compact, light in weight— 
half the size and half the weight of 
older types—and are equipped with 
simplified current control, automatic 
electrode selector. Furnished in 150 to 
400 amp. sets—motor driven, engine 
driven or belt drive. 

Descriptive folder gives full par- 
ticulars. Address Metal and Thermit 
Corporation, 120 Broadway, New 
York 5, N. Y. 


ACCESSORY 
DIVIDENDS DECLARED 


the importance of 
proper accessories to top weld- 
ing performance, more and more fab- 
ricators are taking pains with selec- 
tion of accessories. Speedier, lower 
cost, safer and improved welding are 
assured when such items as helmets, 
shields, holders, connectors, cleaning 
tools and protective clothing are care- 
fully selected. And more and more 
fabricators—sold on M & T electrode 
and arc welder performance are 
specifying the M & T line of “‘acces- 
sories to the perfect weld.” For de- 
scriptive literature, address Metal and 
Thermit C orporation, 120 Broadway, 


New York 5, N. Y. 
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Mass Production 


Welding heavy-duty grader wheels 
by the UNtonmELT welding process. 


with the UNIONMELT 
Welding Process... 


It is automatic—fast—easy— Makes top quality welds— 


Gives maximum production with a minimum of space. 


The extremely high currents that can be used with the 
UNIONMELT welding process result in deep penetration and 
high welding speed. The weld metal is clean, uniform, and 
dense; and requires no chipping or peening to finish it. The 
UNIONMELT process of welding electrically beneath a pro- 
tective layer of granulated welding composition is ideally 
suited to repetitive welding. Material from 16 gage to 1!5 
Here are the parts that make up 


inches in thickness can be welded in a single pass with this 
a heavy-duty wheel. 


process. By using the proper UNIONMELT composition and 
welding rod, alloy steels and even non-ferrous alloys can be 
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ting, and treating metals. LINDE engineering service is 
always on call to help customers with production. construc- 
tion, and maintenance jobs. Just call the nearest Livpt 


office. 
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at Lower Cost 


These 4 new fluxes—One of the greatest develop- 
ments in fluxes in 20 years—are the result of inten- 
sive engineering research based on Victor’s 40 years 
of practical welding experience. Try them; see for 
yourself how to get more brazing per pound with 
these 4 new fluxes. 
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All these Important Requirements 
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@ Do not blow off rod 
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@ Leave finished braze clean 

@ Contain no toxic ingredients 

@ “Tin” burned spots in cast iron brazing 

@ Do not encourage cooling of cast iron welds 


Get your supply from your welding dealer TODAY 
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Riveted Vs. Welded Ship Structure 


® Riveting vs. welding in ship construction with regard 


to the incidence of cracks in ships. 
structure to resist the starting of cracks compared 


by E. M. MacCutcheon 


Abstract 


Investigations initiated in connection with the cracking of mer- 
chant ships during World War I] have uncovered new evidence 
bearing on the relative incidence of cracks oc« urring in ship struc- 
tures fabricated by riveting and by welding. These new findings 
are critically reviewed along with certain widely accepted view- 
points. Available data are compared to test the validity of evi- 
It is concluded that 
there is no evidence indicating that either riveted or welded 


dence bearing on the incidence of cracks 


structure is more susceptible to the inception of cracks 


INTRODUCTION 


IVETING had been the principal method of strue- 
tural fabrication for many years before welding 
became a serious competitor. The introduction 

of welding was hampered by the natural inertia 
which accompanies the replacement of a universally 
accepted ‘engineering method. Furthermore, it was 
beset by technical difficuities which made it a good 
target for criticism and the brunt of many unfair 
comparisons. The comparative merit of riveting and 
welding was the subject of prolonged speculation and 
controversy. Repetition and conjecture wore the sub- 
ject threadbere. Actually there was such a dearth of 
facts that many of the original arguments remained 
unsettled. 

Early discussions on this subject were replete with 
wishful thinking. This was largely engendered by the 
natural resistance to the birth of a new industry. 
Welding has now established its place in structural 
fabrication, and the causes for rancor have been mel- 
lowed by time. A reopening of this question should be 
possible with complete freedom from mercenary bias 

The epidemic of structural failures merchant 


E. M. MacCutcheon ix «a Naval Architect at the David Taylor Model 
Basin, U.S.N., Washington, D. ¢ 


This paper was presented at the Twenty-Ninth Annual Meeting, A.W S 
Philadelphia, Pa., week of Oct. 24, 1948 The opinions expressed are those 
of the author and are not neces. srily those of the Navy Dept. or of. the Shi; 
Structure 
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Ability of the 


vessels has revived many of the original contentions 
associated with this dormant controversy. In com- 
mencing their recent survey of the structural-failure 
problem, the naval architects were confronted by the 
same provoking lack of factual data which had spirited 
much of the earlier debates and which befogged the 
true nature of the problem. Early recognition of the 
shortage of facts encouraged the establishment of the 
broad statistical studies and research investigations 
which are now bearing fruit in our technical literature. 
Among the findings of these studies,':? are many facts 
relating to the question of riveted vs. welded structure. 

The time has come for a reappraisal of the subject. 
The study of the problem is fraught with practical com- 
plications. It is difficult to separate the influencing 
variables and study them one at a time even in the re- 
search laboratory. Much of the apparent contradic- 
tion of earlier tests results from a failure to recog- 
nize the importance of certain influential param 
eters. Recent studies have emphasized notch sensi- 
tivity. This means that the toughness of the steel 
and the temperature of the test are important to the 
results. Early tests seldom included control or even 
recognition of these effects. A recent tensile test on 
a riveted butt joint with a nominal efficiency of 85°, 
resulted in a fracture in the base plate starting at a 
sheared edge and completely avoiding the riveted joint. 
It is clear that the 
notch sensitivity is important to riveted as well as to 


This test was made at 20° F. 


welded structure, but the relative influence may not 
be the same. 

A careful statement of the problem is essential to an 
evaluation of the new evidence bearing on the relative 
merits of fabrication by riveting and welding. There 
are many bases for making the comparison between 
riveting and welding, for example, construction costs, 
maintenance costs, weight economy and _ structural 
performance. The following discussion concerns the 
structural. performance only. 

The ultimate merit of a structure depends on its 


Riveted Vs, Welded Ships 
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ability to resist failure. In a ship’s hull, failure may be 
of two types, a crack or a buckle. The structural per- 
formance of the hull may then be measured by three 
yardsticks: (1) Its ability to prevent the formation 
of buckles, (2) its ability to resist the propagation of 
cracks and (3) its ability to resist the starting of cracks. 

It has been amply demonstrated that the riveted 
structure, with faying flanges and stiffening overlaps 
will present more resistance to compressive loading 
than its welded counterpart when functioning in a ship’s 
hull. Likewise the evidence, accumulated during the 
last few years, firmly establishes the crack stopping 
capabilities of a riveted seam. By providing a suffi- 
cient number of carefully located riveted barriers, it 
would be possible to build a welded ship which is equal 
to a riveted ship, in so far as resisting the propagation 
of cracks is concerned. The relative merit of such a 
structure, with regard to cracking, would then depend 
entirely on the likelihood of crack inception. This is 
the third yardstick of structural performance and it is 
intended to limit the remainder of this paper to dis- 
cussion of this third yardstick, i.e., the ability of the 
structure to resist the starting of cracks. 

It was the intention of the author to assemble some 
of the more recent data bearing on the incidence of 
cracking and to test their validity in this paper. By 
accumulating all the resulting findings in a logical array 
it was supposed that new facts would make themselves 
evident. The course of this paper was set toward a 
noble destination; but the reader is hereby warned to 
curb his expectations lest the following discussion ap- 
pear anticlimactic. Practically all of the findings are 
negative. Negative findings are important, however, 
even though they may be much less interesting than 
positive results. For the:case in question, the negative 
findings take on additional importance because they 
contradict widely voiced opinions upon which engi- 
neering judgments are based every day. The oppor- 
tunity to contend such viewpoints supplied the incen- 
tive to complete the discussion which follows. 

Evidence bearing on the resistance of the structure to 
the starting of cracks can be more easily handled if it is 
divided into two groups; first, direct evidence statis- 
tically relating the occurrence of cracking with the 
method of fabrication (riveting or welding), and 
second, indirect evidence. Indirect evidence includes 
data by which the method of fabrication can be shown 
to influence factors which, in turn, influence the crack- 
ing. Such factors must, of course, include only those 
which are known to have a real influence on the inei- 
dence of cracking. 

The voluminous study of structural failures during 
World War II provided ample opportunity to survey 
the fractures in welded ships and become familiar with 
their detailed characteristics. A similarly detailed 
study has been accomplished on at least one riveted 
ship, the Oakey L. Alexanders This latter survey 
shows that features of the failure were similar to those 
observed on the welded ships. The similarity of the 
fractures is important. If the fractures were not simi- 
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lar, it is probable that their occurrence would be en- 
couraged by a different set of influencing factors. The 
fact that the fractures are similar admits the ready and 
direct comparison of data bearing on the influencing 
factors. 

The important factors, governing the incidence of 
cracking, are type of steel, state of stress (constraint), 
temperature and magnitude or rate of loading applied 
to the critical region. Indirect evidence will hardly 
ever be quantitative in nature. The causes are twice 
removed from the effects, and a quantitative relation 
between the influencing parameters and the likelihood 
of cracking has been established in only a few special 
cases, 


PRESENTATION OF EVIDENCE RELATIVE TO 
THE INCIDENCE OF CRACKING 


For ships’ hulls constructed by riveting and by weld- 
ing the following direct evidence has been submitted 
as indicating superiority of riveting with regard to the 
incidence of cracking: (1) The relative number of ships 
which broke in two when hit by torpedoes, (2) the 
reputedly higher incidence of fracture in the welded 
ships and (3) the comparatively few serious failures 
occurring on the Bethlehem Fairfield Liberty Ships.* 

As direct evidence indicating superiority of welding 
the following may be cited: The higher incidence of 
cracking in the ships fitted with riveted crack arrestors. 

Indirect evidence was stated, above, to include data 
bearing on type of material, degree of constraint, 
temperature and the magnitude or rate of applied load- 
ing. Obviously the method of fabrication cannot be 
expected to influence the type of material or the tem- 
perature. The applied loading refers to the magnitude 
of the stress values in the parts of the structure where 
trouble is likely. Locked-in stresses are, therefore, con- 
sidered a part of the leading. Of the factors controlling 
fracture, both loading and constraint can be influenced 
by the method of fabrication (riveting or welding). 

Welding involves cavities, underbead cracking, ete 
Riveting involves sheared edges and rivet holes. Few 
qualitative and no quantitative statistical data have 
been obtained, bearing on the relative danger from 
notches typical of the two types of fabrication. This 
means that there is no indirect evidence bearing on the 
degree of constraint. Likewise, there have been no 
comparative tests on the two types of structure which 
involve rate of loading. Hence, all the indirect factors 
except the magnitude of load, are eliminated from 
consideration because of the lack of information. Some 
data have been obtained on the effect of riveting and 
welding on the magnitude of the stress, i.e., the load- 
ing in critical regions, and this is the only indirect 
evidence which it is possible to assemble. 

Indirect evidence indicating lower stress values in the 
riveted structure includes the following: (1) Numer- 


* The Bethlehem Fairfield Liberty Ships were the only ones with riveted 
shell seams. 
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ous reports of higher flexibility* and lower stresses in 
the riveted ships, (2) the construction stresses locked 
in the decks of the ships with riveted, gunwales and a 
riveted deck seam are reported to be compressive and 
higher than those recorded in corresponding locations 
of ships with welded gunwales and (3) tests of riveted 
joints indicate a nonelastice behavior at high stresses. 
Some of the indirect evidence may also support the 
possibility that no difference results from the type of 
structure. Included are the following: (1) An examina- 
tion of cap welds; spanning riveted seams and in way 
of welded butts failed to reveal any cracks and (2 
as a result of their tests on the two sister tankers, the 
Neverita (welded) and the Newcombia (riveted), the 
British report no substantial difference in the behavior 
of the two structures, with regard to deflection of the 


hull. 


DISCUSSION OF DIRECT EVIDENCE 


Records are available for study of 331 riveted or 
welded ships which were torpedoed during World War 
Il. Of these vessels 48 broke in two. For the ships 
constructed by riveting, those breaking in two made up 
14°; of the total number struck by torpedoes. For the 
welded ships, the percentage was 18. The number of 
ships involved in this study is nowhere near sufficient 
for a valid statistical conclusion. But, even if the 
sample were adequate the results would not prove 
that the incidence of cracking is lower in the riveted 
ships because the riveted seams prevented the ships 
from breaking in two in many instances, of which sev- 
eral reported cases can be cited as examples. The evi- 
dence is, therefore, invalid, and must be discarded. 

Riveted ships have suffered structural distress. The 
famous liners Leviathan and Majestic cracked their 
main decks, and several riveted tankers have broken 
in two. No longer ago than March 1947, the Oakey L. 
Alerander, a riveted collier 31 years old, broke in two, 
off the coast of Maine. For four years during World 
War II a complete central record of structural failures 
was maintained for all U.S. ships. Great numbers of 
nearly identical ships were in service as a result of the 
Maritime Commission construction program. Com- 
parison of the fracture records with the accumulated 
service data permitted a reasonably accurate statistical 
study to be made. The large groups of ships, however, 
were made up almost entirely of Liberty Ships, T2 tank- 
ers, Victory ships and other new ships which were prac- 
tically all welded. The only mass production program 
of riveted ships occurred during World War I. Few of 
these ships were still in operation during the period of 
the structural-failure study described above. 

With the exception of the outstanding examples of 
failure, the structural-performance records of the 
riveted ships are hopelessly seattered or lost. Many a 


* The term ‘flexibility’ is used, in this paper, to signify the relative de- 
flection of the hull structure as compared with strictly elastic action with no 
buckling. By this definition flexibility becomes 
of the eccentricity in riveted overlaps and of other buckling 
lieved to be the most common usage of the term 


manifestation of rivet slip 
This is be- 
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cracked plate was replaced as a part of the voyage re- 
pair of a riveted ship, but we shall never know how 
many. Here again no conclusion can be drawn as to the 
relative performance of the two types of fabrication 
with regard to the incidence of cracks. 

The Bethlehem Fairfield Liberty ships had riveted 
shell seams; the other Liberty ships did not. This in- 
spired the operational managers of the War Shipping 
Adm. to assign these ships to routes where inclement 
weather prevailed. The service record of ships built 
by this yard was above average in so far as the inci- 
dence of cracks was concerned. However, it cannot be 
concluded that this superiority was directly attribut- 
able to the presence of the rivete1 seams. Other fac- 
tors may have assisted to account for part, or all, of the 
difference. 

The records show that the training and supervision 
of labor as well as the other fabrication techniques em- 
ployed in the Bethlehem Fairfield Yard were little dif- 
ferent from those in other yards. Considering the level- 
ing effect of the thousands of men working on these jobs 
all personality factors are barred. It must be con- 
cluded that workmanship could not have accounted 
for the superiority of the Bethlehem Fairfield ships. 
On the other hand, steel has been proved to be an im- 
portant factor in the fracture problem. The steel for 
the Liberty Ships was generally allocated on a nation- 
wide basis, but it has been found that about two-thirds 
of the steel for the Bethlehem Fairfield ships came 
from the nearby Bethlehem-Sparrows Point rolling mill. 
It is not known whether this steel was better than aver- 
age, but its preponderant use unsettles direct reasoning. 

The degree of superiority of these ships over other 
Liberty ships is not overwhelming. They incurred 
only 15°; as many serious failures as the average, but 
the percentage is about 55 when all magnitudes of dam- 
age are included. One other yard which built more 
all-welded vessels actually had a better record for all 
classes of failures. After considering all these factors 
it must be admitted that the record of the Bethlehem 
Fairfield ships does not determine, beyond dispute, the 
beneficial attributes of riveting the side shell as a crack 
inhibitor.- 

Evidence which appears to support superiority on the 
part of the welded structure, must be similarly evalu- 
ated. One group of Lrberty ships, all of which were 
completed before Feb. 1, 1943, was submitted to a sta- 
tistical appraisal. This group included 667 vessels on 
which the construction practices were of about. the same 
quality and on which the design details were practically 
identical. There was only one season, i.e., the winter of 
1944-45, during which this group of ships was reason- 

bly well-divided between those fitted with riveted 
crack arrestors and those which had not yet been al- 
tered tc incorporate the arrestors. During this winter 
season the ships without crack arresters accumulated 
1620 ship-months of service time and incurred 10 frac- 
tures. The ships with crack arrestors accumulated 847 
ship-months of service time and incurred 16 fractures. 
The incidence of fracture for the ships without crack 


Riveted Vs. Welded Ships 113 


| 
me} 


incidence for ships fitted with erack arrestors was 
0.019 fractures per ship-month. This is a small sample 
of data for a statistical comparison. In addition, it is 
known that the service conditions for the two groups 
of ships were not equal. The assignment of operating 
routes depended on the availability of ships which had 
heen fitted with crack arrestors. Such ships were al- 
ways assigned to routes where severe weather condi- 
tions were anticipated. When this fact is considered, 
it is necessary to reject the study of ships with crack 
arrestors as evidence bearing on the risk of incurring 
cracks in riveted or welded structures. 


DISCUSSION OF INDIRECT EVIDENCE 
During World War II there was a widespread im- 
pression in marine circles that a riveted ship was less 
likely to incur cracks. It has already been pointed out 
that there are no statistical data confirmining such a 
rumor. The rumor in question did not originate from 
the performance of the Bethlehem Fairfield Liberty 
Ships for the simple reason that, when the rumor was at 
its height, the Bethlehem Fairfield Yard was just getting 
into production and the apparently good service record 
of the ships had not vet been estaolished. Actually, it 
is believed that this confidence in the riveted structure 
stemmed from its crack-stopping ability rather than 
from its ability to eliminate the starting of cracks. The 
ship masters developed their individual hypotheses for 
the rumored superiority of the riveted ships. The 
most widespread explanation was “flexibility.”. Reports 
of additional flexibility in riveted hulls were numerous. 
Efforts have been made to locate a factual basis for these 
reports, but none has been found. No actual measure- 
ments have been taken except in the formal structural 
studies which are already receiving much attention. 
It is believed that the flexibility reports must be disre- 
garded because they completely lack factual support. 

It has been reported that the locked-in stresses in a 
fore-and-aft direction in the decks of welded ships are 
generally compressive in nature, with values ranging 
from S800 psi. in tension to 16,600 psi. in compression. 
One study showed that vessels with riveted gunwale 
angles and a riveted deck seam, with a seam strap, had 
higher compressive stresses than a similar group with 
welded gunwales. There are no test data to dispute 
this finding. It should be studied from a statistical 
viewpoint, however. Only six ships with welded qlecks 
and five with riveted gunwales and deck seams are in- 
eluded in this study. The difference in stresses, about 
4000 psi., is small when compared with the scatter of 
results (10,000 psi.). All the 11 ships included in this 
comparison had riveted shell seams. On the basis of the 
same tests, the investigators point out that the results 
from either the group with the welded gunwale, or those 
with the riveted gunwale and deck, compare well with 
two other surveys of locked-in stresses. These other 
surveys included tests on 23 Liberty ships and 26 
Victory ships. The hulls of these ships were all welded 
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arrestors was 0.006 fractures per ship-month, and the 


except that the Victory ships had riveted gunwales. If 
it is remembered that all 11 ships in the above-men- 
tioned comparison had riveted side shell seams, this 
evidence cannot be taken to indicate that the presence 
of riveting influenced the stress locked in the Liberty- 
ship decks. 

The fact that riveted joints under test manifest slip 
in the form of nonelastic behavior cannot be disputed. 
It is true that, with special techniques of riveting, spe- 
cial materials and careful alignment of rivet holes, the 
extent of this nonelastic performance can be mini- 
mized. Such care cannot be expected in the construe- 
tion of a ship, so the question reduces to one of whether 
this nonelastic performance exhibits itself in an aver- 
age structure under the influence of normal operating 
loads. 

Extensometers placed on a riveted deck butt and 
adjacent seam during the launching of a new heavy 
cruiser failed to indicate evidence of slip. The stress in 
the deck reached 16,000 psi. Due to the fact that the 
riveted butts in a ship’s hull are staggered, a certain 
amount of the longitudinal load is taken by the rivets 
in the seams between the staggered butts. The propor- 
tion of load carried by the seams varies from nearly 
zero at low loads to as much as 45°> when failure is 
imminent. The longitudinal load in the seams is mainly 
controtled by the eccentricity of the butts at low loads 
and rivet slip as the load increases. In the case of the 
above-mentioned cruiser it is known that the area of 
riveted cross section in shear in the butts is about equal 
to the corresponding section of deck plating. Hence, it 
can be said that the stress on the rivets during this test 
had a maximum value of 9000 to 15,000 psi. The 
spread of maximum values is due, of course, to uncer- 
tainty of the load on the seams. 

Measurements on the destroyers Preston and Bruce* 
did not include direct measurements of rivet slip, but 
some of the gages were placed across deck butts. In 
this test the stress values for which no evidences of 
slip were recorded were 6000 to 12,000 psi. At higher 
loadings the elongations were not recoverable and leak- 
age occurred in underwater butts. Slip had certainly 
occurred. The fact that these ships, two old and one 
new, showed no slip, until the above-mentioned stress 
values were reached, is interesting. Laboratory tests 
of typical ship construction joints confirm these results 
with reports of slip for values of 6000 to 7000 psi. on 
the rivets. 

Service records show that hundreds of loose rivets 
must be replaced in a ship which has weathered a par- 
ticularly heavy storm. This is a common occurrence, 
and it must be concluded that rivets do slip under 
severe operational conditions. On the other hand, the 
tests show that it must take moderate stresses to pro- 
mote slip (above 6000 psi. on the net section of the 
rivet). 

In ships constructed with welded butts and riveted 
seams it is common practice to fuse one strake of plat- 
ing to the next by means of a short fillet weld deposited 
in way of each welded butt. These welds are usually 
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about 3 in. long and are commonly known as cap welds. 
Before an appreciable shear deflection could occur in the 
riveted seam, it was supposed that such small welds 
would show evidences of distress, either in the form of 
vielding or cracks. An examination of these welds on 
several Liberty ships, which had already seen extensive 
service, failed to reveal any cracked cap welds. Even 
when visual inspection was supplemented by magniflux 
it was not possible to detect cracks. In order to verify 
this finding a test was made of a large specimen fabri- 
cated from and */4-in. plating and including typical 
cap welds in shear. A shear displacement of nearly 
'/g9 in. occurred before the cap weld cracked. If rivet 
slip occurred in these ships, the magnitude of slip was 
evidently less than '/32 in. 

The remaining indirect evidence comes from the 
British test program on the Vever ‘ta and 
The report on the NVewcombia® includes a conclusion with 
regard to the comparison bet ween these two ships which 
reads as follows: ‘The stress distribution and longitu- 
dinal deflections in the two forms of construction show 
no major differences.” This conclusion should be 
interpreted in terms of flexibility and slip stress with 
the greatest caution. The theoretical deflection of the 
hull resulting from rivet slip depends on the particular 
hypothesis for rivet slip assumed. In order to demon- 
strate this, calculations were made on the Neweombia 
in hogged condition to show the amount of null deflec- 
tion which could be expected as a result of assuming 
two separate hypotheses for rivet slip. 

Under Hypothesis 1 it is assumed that the stress on 
each rivet is a definite fraction of the stress, which 
would have been on the rivet, had slip 
curred. Hence, for any given degree of slip the shear- 
deflection for the various joints is proportional to the 
applied stress. Under Hypothesis 2 it is assumed that 
slip is nonexistent until a certain stress level is reached, 
in the rivet. It is assumed that the rivet stress cannot 
increase above this level, hence, further increases in 
shear deflection occur at a constant maximum stress 
value. The two hypotheses are shown graphically in 
| 

Figure 2 shows the deflection of the ship’s hull cor- 
responding to various amounts of rivet slip for each of 
the two hypotheses. A careful study of the test results 
indicates that the deflection of the riveted ship was 
actually 4 to 7°, higher than that of the welded ship 
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If Hypothesis 1 is accepted, this additional deflection 
would correspond to a very small percentage of rivet 
slip, Fig. 2. On the other hand, if Hypothesis 2 is con- 
sidered to be the acceptable explanation, a low value of 
slip stress must be assumed in order to correspond to 
the slight additional deflection. The slip stress would 
be only about 5000 psi for 4°, additional deflection. 
Probably neither hypothesis is correct, but the true 
action may lie between these two. If slip occurs, a 
stress distribution study might reveal a clew as to the 
proportionate influence of the two hypotheses for rivet- 
slip stress. This requires a detailed study of the test 
results with extensive calculations. Work along these 
lines has been started but is not completed. One fact 
is clear at this state: The presence of the welded longi- 
tudinal bulkheads in the Newcombia masks the differ- 
ence in performance between it and the all welded Neo- 
cerita. A greater contrast will undoubtedly result from 
the comparison between the Ocean Vulcan and the Clan 
Alpine; these ships have no longitudinal bulkheads. 
The bending loads on the hull of a ship are controlled 
by the longitudinai distribution of weights and buoy- 
ancy and by certain dynamic and form characteristics 
which govern the ship’s reactions in a seaway. None of 
these factors are influenced by the type of fabrication 
used in the hull. The internal resisting moment in the 
hull strueture must be in harmony with external condi- 
tions at all times. This is an important fact, which is 
frequently overlooked when glorifying the stress-ame- 
liorating benefits to be expected from rivet slip. Slip 
in the riveted joints can redistribute the stress in the 
structure, but the internal bending moment cannot be 
changed. Figures 3 and 4 show the internal stress dis- 
tribution amidships necessary to meet the requirements 
of external loading.* Figure 3 indicates the stress dis- 
tribution corresponding to Hypothesis 1, which was 
previously described. Figure 4 shows the distribution 
* A hull de flection in the presence of rivet slip, amounting to 5.21 in. was 
assumed for the stress calculations. This value was arbitrarily selected in 


order to display an obvious difference in stress distribution 
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for Hypothesis 2. Under either hypothesis, it can be 
seen that, while some portions of the structure incur 
stress reductions, other portions suffer increases. It is 
clear that the effects of rivet slip on stress magnitude 
are more likely to be harmful than to be beneficial be- 
cause the peak stresses become higher and higher as the 
structure subdivides into less competent units. This 
would be particularly serious if the peak stresses happen 
to occur at critical locations. 


GENERAL DISCUSSION 


Other suggestions have been proposed regarding the 
possible influence of riveting and welding on the stress 
distribution in the ship hull. Riveted joints involving 
overlaps naturally produce a load-elongation relation- 
ship differing from that of a steel plate because of the 
eccentricity of the joint. The longitudinal seams of « 
ship always consist of eccentric overlaps of this type. 
It has been maintained that the presence of these seams 
is influential in reducing the transverse stresses in the 
deck and bottom of the ship thereby decreasing the 
degree of biaxiality and perhaps the incidence of cracks. 
An examination of the transverse stresses in the deck 
and bottom of the Neverita and Newcombia fails to re- 
veal a pronounced difference in magnitude. Although 
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the deck-stress range is less on the Newcombia (riveted), 
the scatter of values seems to have been influenced 
considerably more by local effects on both ships than 
by the presence of the riveted seams. These ships are 
tankers, with longitudinal framing in deck and bottom, 
The transverse stresses are lower than on transversely 
framed ships. It is possible that parallel tests now 
underway on the transversely framed Ocean Vulcan 
and Clan Alpine will show a difference. 

Another hypothesis suggests that portions of the 
structure incurring high locked-in stresses during fab- 
rication adjust themselves because of slip in nearby 
riveted seams. In this manner stress peaks are reduced 
with a possible decrease in the incidence of cracking. 
There are still other plausible proposals, some of which 
might vield valuable findings if they were studied. 

The direct data on the Bethlehem Fairfield ships 
might be validated by a careful survey of steel distribu- 
tion and quality. It would be necessary to establish 
that the quality of this steel was no different from that 
of the general supply, or that the steel in eritical loca- 
tions came from other mills than Bethlehem-Sparrows 
Point rolling mill. If it should turn out that better 
steel was used in the critical locations, the riveted 
seams could not be given any credit for reducing the 
susceptibility of the hull to cracking. It is suspected 
that even after completion of a laborious steel survey, 
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There is little 
hope of validating the other direct evidence. 
Tests on the transversely framed vessels Ocean Vul- 


the findings would be statistically weak. 


can (welded) and Clan Alpine (riveted) will double or 
triple our present knowledge of the influence of rivet- 
ing on the stress distribution. There is a need to know 
more about the relative constraint in riveted and 
welded joints. Tests of typical riveted joints at low 
temperatures would be good for comparison with 
welded design detail tests now under way. 


SUMMARY 


A formidable array of objections has been assembled 
in dispute of each part of the evidence. Summarizing 
the discussion we find that practically all evidence must 
be discarded for one reason or another, only a few shreds 
remain valid. The findings are summarized below with 
suitable qualifications. 
A. Facts regarding the relation between the method 
of fabrication and the incidence of cracking. 
1. Both types of structures crack. 
2. The characteristics of the fractures in the 
two types of structure are similar. 

B. Facts regarding the relation between the method 
of fabrication and physical parameters which 
are known to influence the incidence of crack 
ing. 

1. Stresses locked in the welded decks of ships 
are not appreciably affected by the pres- 
ence of riveted seams in either the deck 
or side shell. 

2. Riveted joints may slip in service at mod- 
erate loading, (above 6000 psi. shear 
stress on the rivets). 

3. The shear deflection in a riveted seam is 
usually less than '/32 in. when it slips in 
service. 

4. Extensive rivet slip might occur without 
appreciably increasing the deflection of 
the hull (see Fig. 2, Hypothesis 2). 

5. Rivet slip under service loads may be ac- 
companied by an increase of stress at criti- 


cal locations in the structure. 


CONCLUSIONS 


In considering the following conclusions it should be 


recalled that the study herein relates to the influence 
of the fabrication method on the incidence of cracking, 
and it should be re-emphasized that buckling and re- 
sis‘ance to the propagation of cracks are not subjects 
of discussion. 

1. From the evidence examined, it cannot be deter- 
mined whether a welded or a riveted structure is more 
susceptible to the inception of cracks. 

2. Rivet slip may occur at loads within the normal 
operating range. 

3. Rivet slip could result in an increase of stress in 


critical portions of the structure 
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Riveted \s. Welded Structure 
with Regard (0 the Incidence 
of Cracks in Ships 


Discussion by D. P. Brown 


In the following comments on this very interesting 
paper I wish to explain that wherever reference is made 
to a Liberty ship as being “‘all-welded”’ it is intended 
that reference is made to that type of ship in which the 
shell, decks and other longitudinal material are com- 
pletely welded, irrespective of whether the side frames 
are welded or riveted, as I do not believe that the method 
of attaching the side frames has any material effect on 
the problem under discussion. [do not believe that 
there can be any quarrel with Mr. MaeCutcheon’s 
statement that there has been ample experience to 
demonstrate that the riveted structure has certain 
advantages in respect to the ability to prevent buckling 
and the ability to resist the propagation of cracks. I 
must admit that when it was first decided to introduce 
some riveted longitudinal joints in the all-welded 
Liberty ship hulls I was hopeful that the introduction 
of such joints would not only provide barriers against 
the propagation of cracks but that these joints would 
also reduce the incidence of cracking. 

In the early stages of the operation of the Liberty 
ships the incidence of cracks attained a very alarming 
rate and one which, in my opinion, was considerably 
bevond that which would normally be expected based 
upon experience with riveted structures. I gather that 
Mr. MaeCutcheon may not agree with me entirely in 
this matter. It is true that cracks were not completely 
unknown in riveted ships but in most cases these oc- 
eurred in ships of comparatively old age where de- 
terioration had already become evident or in ships otf 
Madequate scantlings based upon present day stand- 
ards. Neither of these conditions was present in the 
Liberty ships and investigation of the cracking appeared 
to indicate that in the all-welded ships, or in large all- 
welded areas of otherwise riveted ships, certain details 
were far more critical than in the completely riveted 
ship and there appeared to be considerably greater 
susceptibility to minor defects in workmanship. As a 
result of these investigations changes were made in the 
original details such as the introduction of radiused 
hateh corners, the fitting of detached bulwarks, the 
serrating of bilge keels and the rounding of scupper and 
accommodation lndder euts. Coneurrently with these 
changes a great publicity campaign was instituted 
emphasizing the necessity for careful workmanship and 
proper controls of erection and welding procedure. 

These measures soon had a very noticeable effect in 
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reducing the incidence of fractures but before a great 
deal of experience had been gained with the improved 
structure it was also decided to add the riveted crack 
arrestors so that the effect, if any, of fitting the riveted 
joints could not immediately be separated from the 
effect of the changes in details and improvement in 
workmanship. 

Mr. MacCutecheon has cited some figures for a se- 
leeted group of 667 vessels operating in the winter ot 
1944-45 and which indicate that the incidence of frac- 
ture in the ships with crack arrestors was more than 
three times that in the all-welded ships. It is presumed 
that he has included in the vessels having crack arres- 
tors, those with riveted shell seams and those having 
only one or two riveted joints in the deck or at the gun- 
wale on each side and that in the fractures counted he 
has included only those which occurred in the effective 
strength decks, shell or appendages thereto, within the 
midship portion of the vessels, excluding the various 
miscellaneous fractures which may occur in bulkheads 
and other internal structure or at the extreme ends and 
which are of the type as could not reasonably be expec- 
ted to be affected by the riveting of the shell seams o: 
the introduction of a few riveted crack arrestors. 

In the American Bureau of Shipping we have been 
keeping continuous records of all reported failures on 
those vessels under our surveillance, from the time the 
first vessel was placed in operation, in an effort to deter- 
mine the effect of the various modifications, and our 
records indicate results which are quite at variance with 
those cited by Mr. MacCutcheon. In eur records we 
have considered the Liberty ships as being of five sepa- 
rate types and for these five types the records of ship- 
months of operation up to July 1, 1948 and of fractures 
oceurring in the decks, shell or appendages thereto 
within the main portion of the hull structure are a- 


follows: 


Fracture~ 
per 1000 
ship-month- 


Ship-months Number 
of service of 
Type up to 7/1/48 fractures 
All-welded ori- 
ginal details 25,: 10S 16.2 
All-welded with im- 
proved details 3.0 
\ll-welded with im- 
proved details and 
erack arrestors 
tiveted seams with 
original details 
Riveted seams with 
improved details 


These figures can lead to many interesting specula- 
tions but since the point under discussion at the present 
time has to deal only with the effect of riveting on the 
incidence of fracture, I will confine my comments to thi- 
particular matter. It would appear that the incidence 
of 3.3 fractures per LOOO ship-months of service for the 
all-welded vessel with improved details and with erack 
arrestors as against the incidence of 3.0 fractures for the 
corresponding vessel without crack arrestors would indi- 
cate an adverse effect due to the fitting of crack arres- 
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tors but this is by no means anywhere near as great as 
the more than 3 to 1 ratio indicated by Mr. MacCut- 
cheon’s figures. Mr. MacCutcheon has quite properly 
pointed out that his figures are undoubtedly influenced 
to a great degree by the policy of selecting those ships 
with riveted crack arrestors for the more arduous serv- 
ices which were in force during the period covered by 
his records. This effect of selection will always be pres- 
ent, but to a lesser and lesser degree as the records in- 
crease and it is quite possible that this may still account 
for the apparent unfavorable effect of the riveted crack 
arrestors even in our over-all figures. 

Another interesting fact to be obtained from these 
records is in respect to the benefits of the improved 
details. It should be noted that for the all-welded ship 
with the original details the incidence of fractures is 
16.2 per 1000 ship-months and that this figure was re- 
duced to only 3.0 in the corresponding ship with im- 
proved details. For the ships with riveted seams the 
incidence is 3.5 per 1000 ship-months with the original 
details and it is reduced to 2.5 with the improved details 

\s I stated before, there was, concurrently with the 
pregram of changing details, an intensive campaign to 
improve the quality of the workmanship and to estab- 
lish more rigid controls on shipyard practices and pro- 
cedures, and to just what extent this campaign con- 
tributed to the improvement in the fracture records can 
never be definitely established. It is not reasonable to 
believe, however, that the vard building the ships with 
the riveted seams did not have some room for improve- 
ment as the construction program progressed and that 
it did not also obtain a part of the improvement in the 
fracture records as a result of this campaign 

Mr. MaecCutcheon has suggested that there is a pos- 
sibility that the steel used in the ships with the riveted 

seams might have been of better than average quality 
We cannot disregard this possibility entirely, but such 
investigations as have been made have failed to show 
any differences of such magnitude as might be expected 
to account for the wide difference in fracture records. 

If we eliminate the effects of the material and accept 
the premise that construction practices were more or less 
uniform and subject to a corresponding degree of im- 
provement as time went on, we can only account for the 
wide difference in the records of the two types of ships 
with the original details and the considerably greater 
effect of the changes in details and improved practices 
in the case of the all-welded ships, by accepting the 
premise that the ships with riveted seams were far less 
susceptible to minor defects resulting from workman- 
ship or construction practices and to square hatch cor- 
ners, square cuts in sheerstrakes, continuously welded 
bilge keels, ete. 

The foregoing discussion relates only to the compara- 
tive records for the all-welded vessels as against those 
for the ships with all of the shell seams riveted and it 
must be admitted that the records for these ships which 
had only one riveted joint at the gunwales or at the 


most only one at the gunwales and one in the upper 


deck’ on each side are nowhere near so conclusive. 
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However, if there is any effect on performance of the 
intreduction of a large number of riveted joints, then it 
is only reasonable to expect that there should be some 
effect due to only one or two such joints even if only toa 
considerably lesser degree. It is quite easy to establish 
just what is an all-riveted or an all-welded structure but 
it is impossible to define the different stages between 
these extremes as to when a structure might be said to 
progress from a riveted structure with some welding to 
a welded structure with some riveting. It is hard for me 
to believe that there is any magic point in this progres- 
sion at which there is a complete flop-over from one set 
of conditions to the other. I believe that if we accept 
that the superiority of the fracture records of the ships 
with riveted shell seams is, to any degree, due to the 
riveted seams, then it is impossible to believe that the 
introduction of only one or two such joinfs can have 
anything but a beneficial effect, even if only to an insig- 
nificant degree. 

I believe that Mr. MacCutcheon has done a very 
splendid job in his attempts to set forth all of the evi- 
dence pro and con on this very important subject and 
that even though his investigations have not produced 
any positive results, nevertheless they have given us all 
considerable food for thought. It is to be hoped, that 
as the many investigations progress and the service 
records accumulate, we will obtain a much clearer in- 
sight into this problem. 


Discussion by Wendell P. Roop 


The subject of this paper is more restricted than ap- 
pears at first sight. Perhaps it can be paraphrased so: 
Does welding favor brittleness? The author concludes 


that we have no answer. My comment is in the vein: 


“If so, why?” 

The inception of a progressing crack is a more elabor- 
ate process than was once thought. In laboratory 
specimens it is visibly apparent that a crack is present 
in a notched specimen soon after passing the nominal 
elastic limit; and does not the author have a standing 
offer to find eracks on any ship in service? It is an in- 
adequate view of the matter to suppose simply that 
that, once 
formed, they intensify the concentration and so lead to 
rupture. The choice does not lie between structures 
with cracks and those with none, but between -brittle 


stress concentration causes cracks and 


cracks and ductile cracks 

The question thus becomes this: Are the cracks in a 
riveted structure more likely to be ductile than in a 
welded structure? Since facts on this point are incon- 
clusive, we must still depend on inference. 

The usual thought has been that slip in riveted joints 
adds to the power of a structure to wash out localized 
effects, whereas in welded joints this power is wholly 
dependent on ductile flow in the metal. One might 
suppose that in the Alexander the riveted joints had 
suffered ankylosis, a common effect of old age. 
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The inclusion of Item 5 among the indisputable facts 
seems a trifle hasty. Will not slip generally occur first 
at those points where stress exceeds the capacity of the 
joint to resist it, and so shift the burden toward other 
points better fortified or previously less highly stressed? 

The absence of laps or straps in flush seams of the sort 
usual in welding hinders contraction in width, but so 
long as the plate is free to contract in thickness, tri- 
axiality remains small. 

There remains the possibility of a metallurgical ef- 
fect on the brittle transition temperature. Grossman 
and MacGregor, last May, reported data to show that 
the metal in the welds is always more ductile than in the 
base plate. A small contrary effect was found at 1 in. 
from the center-line of the weld, the transition tempera- 
ture being raised 5 to 20°. This seems a small price to 
pay for the benefits of welding, but its existence should 
not be ignored. 


Discussion by David Arnott 


The author makes a distinction between the inception 
of a crack and its propagation. It is axiomatic that 
every crack must have a beginning but a crack which 
merely starts but does not propagate is of no practical 
concern. There is no question in my mind but that 
welded ships are more susceptible to the inception of 
plate cracks than riveted ships at least during course of 
construction. When a plate cracked in the Yard in a 
riveted ship it was usually because of cold flanging, 
Fepeated furnacing during the fitting of shaped plates, 
abnormally high carbon, sulphur or phosphorous content 
or for some other satisfying reason. When we came to 
build welded ships, plate fractures kept occurring in the 
shipyards for reasons which were not so obvious. In 
the absence of any external loading the fractures could 
Only be properly attributed to internal stresses inciden- 
tal to the process of welding whether one prefers to call 
them shrinkage, thermal, residual or just plain locked- 
up stresses. 
numbers as the importance of adhering to proper weld- 


Such failures were gradually reduced in 


ing sequences and technique became more fully recog- 
nized but that they could happen during course of con- 
struction was not a very good augury for the satisfac- 
tory behavior of the structure under service conditions. 
I have always felt that despite the apparent results of 
some of our welding research we were somewhat pre- 
mature in discounting the importance of residual stress 
as a major contributingfactor in our welded ship failures. 

The structural failures of the riveted ships cited in 
the paper are not quite analogous to our welded ship 
failures. The Oakey L. Alexander managed te live up to 
her christian name for 31 years before breaking in two. 
I have not had an opportunity of examining her scant- 
ling plans but I would be very much surprised if the 
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effective area of her strength deck would compare at all 
favorably with our modern standards for longitudinal 
strength. The Leviathan and Majestic were practically 
sister ships both of which experienced a partial failure 
of the upper structure after some years of transatlantic 
service primarily because of inadequate compensation 
in way of elevator and other openings in the strength 
deck in the vicinity of an abrupt discontinuity in the 
structure resulting from a line of expansion joints in the 
houses directly above. In short, one could point a fin- 
ger at the reasons for the structural failures which have 
occurred on riveted ships. The failures on our com- 
pletely welded ships, practically all new vessels, were 
much more mysterious. Experience has shown that 
once a crack started it was liable to spread with light- 
ning rapidity across the deck and down the sides or 
across the bottom and up the sides until the structure 
had failed completely. Even where the crack originated 
in a member which was structurally unimportant such 
as thin plating between hatches or a bulwark rail and 
which, although not included in the longitudinal 
strength calculation are subject to stress, the crack was 
liable to spread into the main hull structure if the light 
plating was welded thereto. 

The comparative immunity of the Bethlehem-Fair- 
field ships with riveted shell seams has not been satis- 
factorily explained by any of the research projects which 
have so far been carried out. It is hoped that when the 
British experiments on actual ships, both welded and 
riveted, to which the author refers in his paper are 
finally completed additional light will be thrown on this 
important problem. The author seems to incline to the 
opinion that the only value of the longitudinal riveted 
straps or gunwale connections is to limit the propagation 
of cracks but I am not so sure that such is the case. 
Until such times as we have more information on the 
subject ordinary prudence will dictate the policy of 
installing crack arrestors in our new welded ships of the 
larger sizes as a precaution against complete failure. 
The Oakey L. Alexander and other riveted ships which 
broke in two were full of crack arrestors which obviously 
failed to function as such. The installation ef these 
riveted crack stoppers in welded ships should be looked 
upon as a temporary expedient as it is no answer to the 
problem of how to build large all-welded structures 
which can be relied upon to be entirely satisfactory in 
service. Meantime, we are gaining more and more 
experience on welded ships in service and the policy of 
analyzing each and every structural failure hand in hand 
with a suitable program of fundamental research will 
undoubtedly go far toward providing a complete solu- 
tion to our problems. 

Mr. MacCutcheon has been unusually modest in 
submitting his conclusions. I agree with No. 2. So far 
as No. 1 is concerned I feel, for reasons already stated, 
that a welded ship is more susceptible to the inception 
of cracks than a riveted ship. With regard to conclusion 
No. 3, while Iam prepared to admit that rivet slip could 
result in an increase of stress in critical portions of the 
structure it could just as easily result in stress reduction. 


Tue WELDING JOURNAL 


{ 
j 
| 
| i 
‘ 


The author has been very fair in his handling of the 
extremely difficult subject of the relative incidence of 
cracking in ships’ structures fabricated by riveting and 
welding, respectively. His lack of bias and the manner 


in which he has presented and discussed the various 
arguments pro and con are worthy of emulation by other 
writers of technical papers. 


Discussion by John Vasta 


This paper has attempted to elucidate a very con- 
fusing subject. It appears however, that in going 
through the tortuous paths of direct and indirect 
evidences, hypothesis and postulates the author has not 
succeeded in adding the clarity desired. In fairness 
however, it should be noted that the pitfalls are many 
as the subject requires quantitative evaluation of too 
many elucive and somewhat obscure variables. This 
diseussor finds it difficult to aecept Conclusion 1 of the 
paper, and wishes to discuss two elements which have a 
bearing on the question of susceptibility to incipient 
cracking, namely, the matter of stress concentration, 
and the effect of the residual st resses. 

A welded structure, in my opinion, is more susceptible 
to incipient cracking than a riveted similar structure for 
the following two reasons: 

(1) The process of welding per se delineates clearly 
the boundaries of a geometrical discontinuity and is 
generally responsible for the formation of sharp 
notches. To illustrate, by welding all the component 
elements of a square hatch corner, for example, the 
acuity of this geometrical notch becomes well defined 
and established. This is not the case for a hatch corner 
structure assembled by riveting. It is apparent, there- 
fore, that the acuity of a notch is more pronounced in a 
welded structure than in a similar riveted one. Since 
the magnitude of the stress concentration is a function 
of the acuity of the notch, the stress level at the base of 
such a notch should be higher in a weldment than in a 
comparable riveted assembly. We know that the in- 
ception of a crack depends largely on the stress level 
existing at the immediate region where the crack 
initiates. This means that the fracture stress is likely to 
be reached sooner in a welded structure than in a 
riveted structure of the same geometrical configuration. 

(2) In addition to the severity of the stress concen- 
trations existing at the base of a notch, the process of 
welding introduces a system of residual internal stress 
of high magnitude at the base of such notches. It is 
readily accepted that these residual stresses are non- 
existent in a riveted structure. However, we cannot 
admit as yet that the presence of residual stresses at the 
base of a geometrical discontinuity has no significant 
effect on the strength behavior of a welded structure. 
Recent published: work* indicates that a tensile residual 
stress existing at the base of a notch has a significant 
effect on the fatigue strength of steel, whereas the same 
tensile residual stress present in unnotched plates plays 
no significant part. This is the first time that experi- 
ments point a guilty finger to the tensile residual stress 
as being important under certain conditions, fatigue and 
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presence of notches. A weldment containing a geo- 
metrical discontinuity conceivably may have present 
tensile residual stresses of high magnitude in the three 
mutually perpendicular planes. This we know results in 
a triaxial stress system, a condition that, admittedly, 
theory tells us, should be avoided. The question to be 
asked here is whether or not a triaxial stress system 
could exist at a base of a geometrical discontinuity of a 
riveted structure. Obviously, the answer to this is in 
the negative. Hence, we should expect the welded 
structure to offer a higher probability to incipient crack- 
ing than a riveted assembly of similar details. 


Author’s Closure 


The author of this paper is honored to receive dis- 
cussions from those members of the shipbuilding pro- 
fession who have contributed their comments. As 
stated in the paper, this study yielded very little in the 
form of positive findings. Some important factors are 
brought out in the discussions which add to the avail- 
able information on the susceptibility to fracture of 
riveted and welded hull structures. 

Captain Roop has presented several of his customary 
thought twisters based on the subject of the paper. He 
makes a very interesting statement which bears repeat- 
ing: “the choice does not lie between structures with 
cracks and those with none, but between brittle cracks 
and ductile cracks.” Mr. Arnott also supports this 
point with his comment that nonpropagating cracks are 
not important. Captain Roop has alluded to the au- 
thor’s statement that practically every welded ship 
contains numerous small cracks. Most surveyors of 
ship hull structure will support this observation; a fact 
which emphasizes the importance of nonpropagating 
cracks. 

Captain Roop has questioned the inclusion of Item 5 
among the indisputable facts. Perhaps the paper 
should have distinguished more clearly between the 
local and over-all effects of rivet slip. In Item 5 it is 
stated that “rivet slip under service loads may be ac- 
companied by an increase of stress at critical locations 
in the structure.”” This statement referred to the cal- 
culations described in the paper and the calculations 
applied to over-all adjustments in the hull and not to 
local effects. It is mentioned elsewhere in the paper 
that local slippages may, and probably do, occur with 
corresponding readjustment of stress distribution. 
Detection of such redistribution in actual structures 
would yield important findings, but the selection of 
locations for study is attended by apparently insur- 
mountable practical difficulties. 

Mr. Brown has raised two questions with regard to 
the statistics in the paper which relate the presence of 
riveted crack arrestors to the incidence of cracks. The 
statistics include only Class 1 and 2 fractures and there- 
fore correspond to Mr. Brown’s data in this respect. 
The Bethlehem-Fairfield ships were included, however, 
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and make up about '/, of the group without crack 
urrestors and a somewhat smaller proportion of those 
with arrestors. Mr. Brown kept the Bethlehem-Fair- 
field ships separate. To assist in rationalizing the 
differences Mr. Brown has graciously forwarded to the 
author a breakdown of the structural failure data in- 
cluded in his comment. On examining this breakdown 
one other difference was noted; Mr. Brown’s tabulation 
lists casualties, whereas the paper under discussion lists 
fractures. Most casualties involved more than one 
fracture, the average being about three fractures per 
casualty. 

The casualty data for the winter of 1944-45 were 
excerpted from Mr. Brown's tabulation. The incidence 
of casualties was found to be 70°; higher for the ships 
with crack arrestors than for those without. This is 
good agreement with the data presented in the paper 
when it is realized that a wide dispersion is character- 
istic of statisties based upon such small samples and 
that the figures being compared are not coterminal. 

It was reassuring to find that some additional pieces 
of evidence bearing on the subject of the paper had been 
included in the comments. Mr. Brown shows by his 
tabulation that improving the structural details on the 
all-welded ships resulted in a far greater improvement 
in structural performance than was brought about by a 
corresponding improvement in structural details for 
those ships which had riveted seams. (The items on 
Mr. Brown's tabulation have been numbered 1 to 5 for 
the purposes of this reply. Compare Group 2 with 
(jroup | and Group 5 with Group 4.) This type of com- 
parison eliminates some of the variables which upset a 
‘lirect comparison of Bethlehem-Fairfield’s ships with 
ill other Liberty ships. Questions of workmanship and 
steel quality are no longer important because the com- 
parison is between the same ships with and without 
modification. There is, however, one wild variable in 
this comparison, namely: the equality of operating con- 
ditions. During the winters of 1942-43 and 1943-44, 
the operating conditions for the Liberty ships were con- 
siderably more severe than during later winters. This 
Was partly due to inclement weather conditions and 
partly due to the faet that many of the ships were 
operating to Murmansk, and in the North Pacific. The 
‘lata were tested to see if all groups were equally affec- 
ted by the severe weather. The following tabulation 


resulted. 
Casualties per 1000 ship- 
months of service 
All service Service from 
up to May 1, 1944, to 
(iroup Type July 1, 1948 July 1, 1948 
1 All-welded with original de- 
tails 16 2 37 
2 All-welded with improved 
details 3.0 22 
3 All-welded with improved 
details and crack arrestors 33 33 
' Riveted seams with original 
details 15 29 
5 Riveted seams with im- 
proved details 2.3 2.0 
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It will be noted that the tabular values, for operation up 
to July 1, 1948, do not agree exactly with those included 
in the comment. Mr. Brown has indicated corrections 
which have been applied to the revised figures above. 
It is clear that the service during the winters of 1942-43 
and 1943-44 resulted in a much higher fracture inci- 
dence in some groups of Liberty ships. Since the num- 
ber of various groups of vessels in operation was not 
constant throughout, this severe condition affected 
some groups more than others. Consider the last 
column for casualties from May 1, 1944, to July 1, 1948. 
Comparing the casualties per one thousand ship months 
of operation for Group 1 with Group 2, it can be seen 
that the fracture incidence was reduced to 60°, by im- 
proving design details. Comparing Group 4 with Group 
5, we find that the fracture incidence is reduced to 69°, . 
The difference bet ween 60 and 69°, is no longer signifi- 
cant in light of the fact that one of the figures involved 
is based upon only four casualties. Here, again, we are 
confronted with the disappointing necessity of conclud- 
ing that the evidence shows nothing significant regard- 
ing the relative incidence of cracking in welded and 
riveted ships. 

Mr. Arnott has presented an important piece of evi- 
dence in pointing out that cracking during construction 
was much more widespread for the welded hulls than it 
had been for riveted hulls. This is a piece of direct 
evidence which was overlooked in preparing the paper 
Mr. Arnott rightfully warns against predicting the inci- 
dence of failure of ships in service by making use of data 
from ships under construction. Everyone will agree, 
however, that the failure incidence during construction 
is a rough indicator of the direction of a trend and that a 
higher incidence of fracture in completely welded struc- 
tures could be expected. 

Mr. Vasta has included some very convincing expla- 
nations of why the welded structure should be more sus- 
ceptible to cracking than the riveted structure. He has 
pointed out that welding creates worse notches and 
higher locked-in stresses. We are all attracted by the 
logic of such statements but similarly convincing argu- 
ments can be presented to support the opposing view- 
point. Although the logie is appealing we should be 
cautious in accepting these speculations even though 
equal consideration is given to the opinions supporting 
opposing views. 

Considering the controversial nature of the subject, 
the discussors have taken an extremely objective view- 
point. This sort of healthy situation is bound to acceler- 
ate our understanding of the problem. The data pre- 
sented in the paper reinforced by the data and reasoning 
included in the comments do not warrant a positive 
conclusion but provide an adequate basis for an opinion. 
The author holds the opinion that the incidence of 
cracking is higher in welded than in riveted structure. 
Even to this, a caution must be added: the opinion is 
based on existing structures; improvements in steel, in 
design, in workmanship or in weldability controls could 
bring the quality of welded structure up to er above 
that of the riveted structure. 
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by J. M. Tippett 


HE designer as well as the fabricator for some years 
has resorted to fabrication by welding when con- 
fronted with a problem of using or supplying large 
structural sections or sections not ordinarily carried 
in stock. Some recent designs, particularly in the field 
of heavy earth-moving equipment, have called for 
stiffening members of nonuniform cross section or mem- 
bers of a size or type not usually rolled. Here, too, 
fabrication by welding is the answer to the problem of 
supplying parts that are not readily available. 

A considerable increase in the fabrication of strue- 
tural sections has resulted mainly from the current 
shortage of steel. Also responsible is the available pro- 
duction capacity of welding machines and forming 
equipment that were acquired by many fabricators 
during the war. Heavy presses and brakes make it 
possible to form deep channels and angles, which are 
welded together to form the widely used box section 
beam. Where formerly heavy I- and H-beams were cut 
out to form nonuniform sections in engine bases or parts 
of beams and dipper sticks, the entire member is now 
When the re- 


quired member is so large as to be beyond rolling capaci- 


generally fabricated from flat plate. 


ties, or heavy enough to be considered a special, in these 
days of steel scarcities, it is only logical that it be fabri- 
cated by welding. Some users and suppliers of struc- 


tural shapes, handicapped by their geographical loca- 


tion, have found it economical to fabricate even normal - 


sizes of beams as needed rather than carry large stocks 
of all the necessary sizes 

Automatic welding is suited to this type of fabrication 
by the nature of the welds employed, which are usually 
long fillets, butts or laps. Unionmelt welding is espe- 
cially suited to this type of work. Submerged melt 
welding though usually applied automatically differs 
from most automatic welding. Other methods of are 
welding, either hand or automatic, use a coated elec- 
trode which produces a gaseous shield to protect elec- 
trode and weld puddle. The submerged melt welding 
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‘abrication of Structural Steel Sections 


® Large and unusual structural sections may 
be fabricated by submerged melt welding 
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process uses a bare rod and a separetely applied granular 


material which covers the end of the welding rod and 
the molten puddle. Part of this composition melts in 
the welding heat and submerges the end of the rod and 
the fluid weld metal. This makes possible the use of 
high-current densities, and provides a complete liquid 
shield beneath the granular material. No are and 
usually no flash is visible. Whereas shielded are welding 
makes use of current densities from 3000 to 10,000 amp. 
per square inch of steel electrode cross section, in sub- 
merged melt welding current densities up to 40,000 amp 
and more per square inch are normally used. The 
high current densities make possible the deep penetra- 
tion, high welding speeds andhigh quality of these welds. 

The jigs and fixtures required for fabricating steel 
sections can be quite simplesand are relatively inexpen- 
sive even when motorized so that the weldment can be 
positioned between welds without removing it from the 
jig. Motorized equipment for this work has often been 
made by using a standard welding positioner at one end 
and a trunnion mounted on an A-frame on the other. 
The major requirement of the jig when fabricating such 
sections as I- and H-beams from plate by fillet welding, 
Usually the 


beam which has been assembled and tacked together is 


is to position the weld for downhand work. 


Fig. 1 


The parts of the beam are held in position while 
tacked together by metal are 


x 
eee 


Fig. 2 Typical installation with welding carriage sup- 

ported on track above the work 
rotated so that the flange being welded is 30° from the 
horizontal. The two welds forming the ‘““T”’ are then 
adequately backed up by the flange itself. If the beam 
is positioned so that the welding rod is pointed directly 
at the seam, there is danger of weld run-out unless fit-up 
is perfect and the pieces are held tightly together during 
welding. 

It is seldom practical to use the welding jig for as- 
sembling and fitting the section. The jigs for fitting are 
similar to those for welding except that they are usually 
heavier. The members of the beam are held in close 
contact by heavy stiff backs with wedges driven under 
them until they have been tacked. Figure 1 shows a 
stiff back and wedge holding one end of a medium sized 
H-beam while it is tacked together by manual metal are 
welding. Because the two welds in the center of the 
flange tend to warp the plate and pull the edges of the 
flange toward the web, the plate forming the flange is 
sometimes prebent in the opposite direction approxi- 
mately '/s in. per foot of flange widths so that the 
finished flange will be flat. Flange distortion, if objec- 


tionable, can also be taken out in a press after welding. 


After the beam is fitted up, it is taken to the welding 
position. In its simplest form this consists of two major 
parts; the welding machine track and its supports, and 
the frame to support the member to be welded. Figure 
2 illustrates the basic setup ef this type. The base is 


Fig. 3 Box beams ready for submerged melt welding 
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Fig. 4 Box beams produced by welding two facing “*U” 
sections 

made of heavy beams. Vertical members welded to 
this carry the cantilever arms on which the track is 
mounted. In front of this structure and below it, the 
frames are erected which hold the weldment. In this 
case, they are made up of flat stock bolted together, so 
as to accommodate various sizes of beams and allow for 
changing the angle between welds when working on 
beams whose flanges are not the same in width. Beams 
of the size shown will normally have a */s-in. thick web 
and '/s-in. thick flange. They are Unionmelt welded at 
speeds from 12 to 20 in. per minute or faster, using 
approximately 600 amp. and 30 v. The variations of 
these basic requirements for fixtures and procedures 
may be as numerous as beam sizes and designs. 

Rolled angles 12 x 6 x °/s are easily fabricated into box 
sections, by fitting them as shown in Fig. 3. A corner 
butt weld is used, backed with a '/s-in. diameter rod. 
A 30° bevel on the longer leg of the angle forms a vee- 
groove. One hand pass and three machine passes at 
12 in. per minute complete the weld. 

In this same shop a square box section is also fabri- 


Fig. 5 Fabrication of deep ship channel from two 4-in. 
angles 
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cated from flat plate formed into U sections and butt is used under the weld and five machine passes are made 
lhe plate is 1 in. thiek with at speeds from 13 to 9 in. per minute. Welding current 

22° included bevel in the joints. A */s-in. backing bar is from 900 to 1000 amp. The use of rolled shapes in 


welded as shown in Fig. 4. 


Fig.6 Large channel fabricated by welding angles to web 


Fig. 7 Tapered box-section stress member fabricated for Fig. 9 
earth moving equipment 


plate 


combinations to form deep channels or other heavy sec- 
tions, and the addition of flat plate to increase web 
depth or flange width, is standard practice. 

Figure 5 shows two heavy 4 x 4 in. angles being 


Fig. 8 The portable welding machine is guided by the 
curved flange of this large circular girder 


{ templet guides the welding head to produce this 
irregular-shaped section 


Fig. 10 Welding head mounted on cantilever beam welding both inside and outside seams of tubular sections 
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Fig. 11 A low gantry supports the welding head for making longitudinal and 
girth welds in the production of piling 


Fig. 12 
girder 

joined to form a deep ship channel 20 ft. long. Welding 
is done entirely from one side and refractory composi- 
tion is used to back the weld. The use of two angles and 
a 25-in. wide, flame-cut plate to fabricate a 33-in. wide 
channel is shown in Fig. 6. These butt welds are made 
in two passes, one from each side at 18 in. per minute 
using 700 amp. on the first side and 900 on the other 
This gives a fully penetrated weld of considerably 
greater strength than the parent metal. The track and 
welding machine can be placed directly on the work- 
piece when welding sections of such large size. 

The fabrication of members of nonuniform cross sec- 
tion is shown in Fig. 7. Corner-butt welds are used to 
join the four pieces of flat plate that make up this simple 
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1 wall-type crane carries the welding head for fillet welding a large 


straight-taper box section. Fabri- 
cation is readily accomplished by 
mounting the beam so that the 
weld being made is level and in the 
downhand position. 
Large arches and members having 
curved sections may require more 
complex jigs, though in many cases 
a portable machine can be placed 
directly on the piece being welded 
By employing guiding devices, the 
machine will accurately follow long 
curves and sweeps. Figure 8 shows 
a machine with such a guiding de 
vice depositing a fillet on a 42-ft. 
diameter girder. Sections having 
a reverse curves or curves of varying 

radii can be welded by mounting 
the welding machine on a device 
which will follow a template. Fig 
9 shows a welding head mounted 
ona traveling pantograph arrange 
ment. With this equipment, re 
verse curves of small diameter can 
be negotiated and contour welding 
cf most any type can be accom 
plished. 

Fabrication of large tapered tube 
sections is easily done by any shop 
which ordinarily uses the process for 
pressure vessel work. The sections 
of tube are first rolled into their de 
signed diameters and the straight 
seam welded inside and out. Sec 
tions are then fitted together and 
tacked. Th@.entire beam is placed 
on a set of heavy rolls and rotated 
while the round-about fillets are 
made. Figure 10 shows this work 
being done with a-highly flexible 
method of mounting the welding 
equipment over motorized traveling 
and turning rolls. The welding 
head is mounted on the end of a can 
tilever beam which moves vertically 
only. The rod reel is mounted 
at the opposite end of the beam so that it does 
not limit the diameter in which inside welding can be 
done. The carriage and rolls combination has a single 
motor and variable speed unit so geared that the drive 
can be shifted from turning rolls to carriage travel for 
round-about or long seam welding. 

The accompanying photographs illustrate a few of 
the variations of equipment for mounting and jigging to 
permit the use of the process on special work. Figure 
11 shows the welding head on a low gantry making 
circumferential welds on a section of piling which com- 
bines pipe and I-beams. The specially made carriage 
straddles the work and is positioned by hand for each 
weld. The pipe rests on turning rolls that are driven by 
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Fig. 13) Welding of diaphragm plates to side sheets in the 
fabrication of a large girder for a gantry crane 


Fig. 14 


in extended nozzle welds a 6-ft. seam through 
an opening I ft. square 


in electric motor operating through a reduction unit 
made of spare parts. Figure 12 shows the equipment 
mounted on a wall type crane fillet welding a large gir- 
der. This type of installation is extremely flexible 
Beside controlled movement of the crane along its ways, 
the platform on which the welding equipment is mounted 
can be raised or lowered and the welding head can 
be moved along the platform at right angles to the 
direction of crane travel. Figure 13 shows an interest- 
ing adaptation of equipment to allow welds to be made 
through a I ft. square opening 6 ft. deep. In this instal- 
lation the carriage travels on a beam which is mounted 
on wheels for manual positioning between welds. Some 
13,000 ft. of fillets were made with this unit in fabricat- 
ing two of the large girders shown. A small funnel for 
distributing the granular welding composition is at- 
tached to the extended nozzle as shown in Fig. 14. The 
funnel is refilled after each weld is made. The sequence 
of welding requires that the girder be turned twice. In 
the first position, the welds are made in, let us say, the 


lower right corner of each opening. The girder is 


turned oyer and welds are made in the lower right and 
The girder is turned back 


then the lower left corners 
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Fig. 15 Heavy plate butt welded to a cast steel stub in 
fabrication of a Diesel engine frame 


to its original position and the finishing welds are made 
in the lower left corners. 

Where extremely heavy sections are being fabricated, 
fillet welds and double vees can be avoided by using 
rolled stub sections on cast or prefabricated members 
and welding on heavy plates using a butt weld. Figure 
15 shows how this was done in the fabrication of a rather 
complex frame for a Diesel engine. Arrows indicate the 
welds joining the heavy plates to the cast stub section. 

The speed, uniformity and deep penetration of sub- 
merged melt welding make it particularly suited to the 
fabrication of structural sections. Of course, welded 
fabrication offers no competition where standard rolled 
sections are available. However, even for standard 
sizes of H- and I-beams, some fabricators have found it 
advantageous to keep only the widely used beams in 
stock and to make up the odd-sized beams to order. 
Since the cost of fabricating almost any desired section 
is so low, it is now economically practical for the engi- 
neer to specify the type of structure that is actually best 
suited for the job at hand. For instance, the engineer 
can specify box or re-entrant sections that could not be 
produced by rolling. Standard H- and I-beams can be 
made to the exact size required and even tapered sec- 
tions, whether of I, H, box or tabular form, can be 
easily made. In larger structures where numerous 
stiffeners or diaphragms are used, the proeess and auto- 
matic equipment make it possible to weld through 
openings and in spaces where an operator could not gain 
access. The accessory equipment required need not be 
complex or prohibitively costly. All of these factors 
have led to a considerable use of the Unionmelt process 
for making a variety of structural parts. We fully ex- 
pect that the next few years will see a much wider use of 
this process and many new applications. 
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inert gas. 


electrode as well as assisting ionization in the arc. 


Practical Aspects of Inert-Gas Welding 


® A comprehensive résumé of inert-gas-shielded arc welding including a de- 
scription of the process, gases used, electrodes, straight vs. reversed po- 


larity, d.-c. and a.-c. welding equipment, control of gas flow, techniques in 


By H. A. Huff, Jr. and A. N. Kugler 


NERT-gas-shielded are welding may be defined as 
an arc-welding process in which the heat is derived 
from an are between a nonconsuming electrode and 
the work and the are is shielded by a monatomic, 

The principal differences between this meth- 

od and the older methods are (1) the electrode does 

not melt and form part of the weld metal, (2) the inert 
ras provides the shield for the molten metal and the 

Un- 

der this broad definition there are many possible appli- 

cations some of which are eminently successful, others 
satisfactory and still others which are, at present, of no 
practical value. 

Either alternating current or direct current (straight 
or reversed polarity) may be used subject to limitations 
on certain metals, as discussed later. The electrode may 
be either tungsten or carbon, with tungsten predomi- 
Mating on most applications. For the inert gas both 
helium and argon are used and both exhibit certain 
advantages and disadvantages under given conditions 
of welding current and base metal. 

In studying the fundamental aspects of this process 
it is desirable to consider first, the inherent properties 
of the are under the several possible welding power con- 
ditions without the complications of base metals. The 
d.-c. are on straight polarity operating in an atmosphere 
of helium will be found to be the hottest are condition 
obtainable with this process. This means that the pene- 
tration will be greatest with these conditions and this 
penetration is largely controllable. This intense heat 
of the tungsten are in helium means that with identical 
current values faster travel speeds are possible with 
helium than with argon, or at the same travel speed less 
current is necessary with helium than with argon. The 
are voltage with helium is higher than with argon and 
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welding stainless steel, aluminum, copper, magnesium, steel and other metals 


further the slope of the curve of are voltage vs. are 
length’ ? is steeper with helium than with argon. This 
means that with helium a relatively small variation in 
are length will result in a greater variation in are voltage 


than is possible with argon. This is of particular im- 
portance in automatic welding. 

Using argon as the inert gas, under the comparable 
conditions, i.e., the tungsten are on d.-c. straight polar- 
ity, we find a very satisfactory welding arc. This 
represents the greatest energy obtainable with tungsten- 
argon arc. However, if compared with the helium are 
the lowered heat of the argon are will be noticed im- 
mediately. This is not necessarily a disadvantage 
since, under some circumstances, the lesser heat of this 
are is desirable. However, in automatic welding it is 
more difficult to secure voltage control in argon as the 
are voltage-are length relation is not as direct. 

Still another possibility exists for using d.-c. straight 
polarity with either helium or argon and that is the 
substitution of a carbon for the tungsten electrode. 
Incidentally, this is the only current condition on which 
it is possible to use the carbon electrode. One of the 
principal advantages of the carbon electrode is the ease 
with which the are may be started. This is especially 
necessary with low currents on light work or in in- 
stances where it is necessary to employ relatively un- 
skilled operators. The carbon electrodes used for this 
work are prepared with a long taper, Fig. 1, the diameter 
at the point being the controlling factor in the current to 
be used with the electrode. Thus by using a large elec- 
trode and grinding to a small point it is possible to use 
heavier currents which would cause overheating of a 
smaller electrode. About the only disadvantage of the 
carbon electrode, aside from the relatively rapid con- 
sumption of this electrode, is the possibility of the car- 
bon contaminating the base metal, although this does 
not appear to be borne out by those who use it. 
Fither shielding gas may be used with this electrode. 

The next major change in welding conditions is to 
employ d.-c. reversed polarity. The field of application 
for this condition is limited for the reason that the cur- 
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- Direct current 


Tungsten Reversed Straight Straight 
size, polarity, polarity, polarity, 
in. helium helium argon 

0.040 . te — 50 ...— 65 
10-20 50-125 65-150 
2 20-35 125-225 140-280 

25-50 200-300 250-375 
3/16 30-75 250-350 300-475 


40-125 300-475 375- 


Table 1—Current Ranges for Tungsten Sizes*-Various Welding Power Sources-Manual We'ding 


Standard 
transformers 
with high 


Balanced a.-c. Balanced a.-c. 


frequency transformers, transformers, Gas 
and d.-c. no d.-¢. no d.-c. cap 
component, component, component, size, 
argon heliumt argon} in. 
—40 .. —40 
20-115 20-60 —85 3/5 
100-185 10-100 75-130 
150-225 75-175 100-200 
200-340 150-240 175-300 
300-445 175-375 275 


only; for size, use diameter ‘“‘d’’ at point. 
t Use 150-v. tap. 
t Use 100-v. tap. 


rent-carrying capacity of the tungsten electrode is 
greatly reduced, see Table 1. This is due to the fact 
that the tungsten electrode heats up rapidly because of 
the .greater heat liberated at the positive terminal (in 
reversed polarity the electrode is positive), and tends to 
cause excessive melting of the tungsten at values far 
below the maximum usable with other current condi- 
tions. It will be noted, however, that starting the are 
with reversed polarity is quite easy and a very short are 
must be held. There is one further feature with 
reversed polarity that is important to note, viz., the are 
has the ability to break up or disperse the oxide films of 
In fact the 
welding of magnesium was first accomplished with 
Other welding power 


such metals as magnesium and aluminum. 


reversed polarity and helium. 
arrangements have largely superseded this one. 

Before closing this phase of the discussion of d.-e. 
welding it seems appropriate to point out that the only 
application of superimposed high-frequency circuits in 
this field is for starting the are without touching the 
electrode to the work. The high frequency may be used 
with either shielding gas and the are on d.-c. straight 
polarity. In manual welding it is most helpful where 
welding must be performed in a tight spot in which it is 
difficult to strike the are, or on polished stainless steel 
surfaces where marring of the polished surface must be 
avoided. Ordinarily, it is not necessary in manual 
welding. It also proves helpful in some mechanized and 
automatic welding operations for starting the are. The 
high frequency, however, should be used only fer start- 
ing in either of these conditions and should not be run 
continuously as it frequently is in a.-c. welding 

The advantages that accrue from the use of a. e. in 
metal are welding prove equally valuable in inert are 
Further, the problems which arise from the 
Thus, the proverbial 


welding. 
use of a. ¢. exist in this case also 
hard starting of the a.-c. are creates a problem in 
starting the tungsten are particularly at low current 
values; in fact the a.-c. tungsten are virtually cannot be 
started without assistance from high frequeney. In 
addition, each time the alternating current passes 
through zero, it tends to extinguish the are, creating 
unstable welding conditions. This latter condition of 
instability can be corrected in either of two ways: one 
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* Carbon electrodes, shaped as indicated in Fig. 1, may be used at approximately the same current values, on d. 
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*, straight polarity 


4 
D 


L 


D= NORMAL ELECTRODE DIAME TER 
d= DESIRED, OPERATING DIAMETER 


L.= THIS LENGTH SHOULD BE AS LONG 
AS HOLDER COLLETS WILL PERMIT AND 


STILL PROVIDE CORRECT EXTENSION BEYOND 
GAS NOZZLE 


Fig. | Preparation of carbon electrodes for inert-gas- 

shielded arc welding 
involves the use of a superimposed high-frequency 
circuit, the other, the use of specially designed welding 
transformers which provide balanced a. c¢. Are starting 
may be facilitated by a superimposed high-frequency 
pilot circuit or the use of a supplementary carbon block 
on which the arc is first struck and then transferred to 
the work. 

The tungsten are operating with standard a.-c. trans- 
formers, using high frequency, and helium as the shield- 
ing gas has little practical value because it is unstable 
and yields unreliable results. If, however, these same 
electrical conditions (i.e., normal a.-c. transformers plus 
superimposed high frequency) are employed with argon 
as the shielding gas the process is successful. It is 
particularly useful with those metals that exhibit diffi- 
cult oxide conditions, normally requiring flux when 
welded by other methods, e.g., aluminum, magnesium 
and some brasses. It will be remembered that with 
d.-c. straight polarity it is possible to secure penetration 
while with reversed polarity a dispersal of the oxides is 
achieved. “With a. c. we have, in effect, a current con- 
tinually changing from straight to reversed polarity. 
Therefore, with a. ec. it is possible to secure continuous 
penetration and weld without flux. Using argon and a 
standard welding transformer supplemented with a 
high-frequency oscillator welds may be made in all 
positions. 

It should be pointed out here that it is common prac- 
tice to use standard welding transformers and connect 
to them, externally, the high-frequency oscillator. 
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Some equipment is available with the oscillator built in. 
These oscillators are for the most part of the spark gap 
type and operate on frequencies in the range of radio 
frequencies. In consequence thereof the Federal Com- 
munications Commission has found that these oscilla- 
tors may interfere with radio transmission. Much 
research effort is being directed toward correcting this 
situation, 

When the tungsten are operates on a. ¢., a d.-c. com- 
ponent*® normally exists and tends to saturate the 
secondary of welding transformers. This d.-c. com- 
ponent has been found to be as much as 80 amp. when 
welding with 200 amp. a. ¢. The presence of this com- 
ponent leads to such undesirable characteristics as 
reduced penetration, requirement of greater flows of 
shielding gas and irregular shaped weld beads. It 
requires larger power leads to the transformer and _re- 
duces the output of the transformer by 30-4007. This 
effect may be minimized by connecting a 6-v. storage 
battery (or batteries) in series with the welding leads, 
with the positive terminal toward the electrode. Ca- 
pacitors may be connected in series with the welding 
leads in which case they serve to block the d.-c. com- 
ponent completely. The value of capacitance to be 
employed is dependent upon the maximum current 
used, 


While the standard welding transformer with the 


superimposed high-frequency pilot. circuit offers one 


means of welding those metals with difficult oxide con- 
ditions, it will have been observed that it presents two 
problems, viz., (1) radio interference and (2) the pres- 
ence of the d.-c. component. The solution to the first 
problem is under investigation and further will doubt- 


less be subject to regulation. The second problem is, in 


some respects, more important because it influences 
weld quality. While it is true that welding may be 
performed with the d.-c. component present, it should 
be realized that recent research has shown that many of 
the unexplained irregularities in this type of weld have 
been traced to this component. The use of storage 
Datteries as a corrective measure is at best a makeshift ; 
the series capacitors cannot be employed with the stand- 
ard transformers and high frequency. 

Thus, it will be seen that the standard a.-c. welding 
equipment is not completely satisfactory for this process 
and that equipment specifically designed for the work is 
needed. Such a unit is available and consists of a 
transformer welder incorporating the features necessary 
to overcome the difficulties enumerated. The machine 
ix designed to provide sufficient open circuit voltage to 
vield a stable are with either helium or argon. Further 
the d.-c. component is completely blocked by series 
capacitors. For ease in striking the are a short impulse 
of high-frequeney current is provided but it is diseon- 
nected automatically once welding is started, thus 
minimizing or avoiding radio interference. 

This balanced a.-c. are welder is equipped with 
secondary taps providing 100 and 150 vy. The former is 
generally used with argon, the latter with helium. 
These voltages, however, are not available until the are 
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is established. This feature is accomplished by means 
of a signal voltage of 25 or 35 v. which is “on” when 
welding is not in progress. When the electrode is 
touched to the work the controls of this machine operate 
to turn on shielding gas and cooling water. Then, as 
the electrode is slowly withdrawn, the high-frequency 
spark is established, the welding current starts and 
welding may then proceed. The duration pf this high- 
frequency impulse is only three cycles, hence it does not 
create objectionable radio signals. Thus, with the series 
capacitors and these open circuit voltages, a stable arc 
is produced with balanced a. ¢. This has been found 
most desirable for welding the light metals. Welds with 
this type of equipment may be made in all positions 
with the assurance of highest quality. Either shielding 
gas may be used with this power source. 

As a guide to manual welding with these several 
welding power sources Table | is provided. In addition 
to showing the currents for use with the different sizes 
of tungsten, it shows the sizes of gas cap orifices recom- 
mended. These currents may also be used with the 
carbon electrode, where applicable. The current values 
to be used on any given job will depend upon (1) the 
metals to be welded, (2) the equipment used, i.e. 
whether water cooled or not, (3) the size or mass of the 
pieces, (4) the use or omission of preheat, (5) the posi- 
tion of welding and (6) the skill of the operator. 

Since the inert gas comprises one of the essential! 
features of this process, its control and application are 
of the greatest importance. The amount of gas should 
be sufficient to cover adequately the molten metal, but 
it must be realized that excessive gas flows are of no 
advantage and may even be detrimental to the weld 
However, it may be generally stated that long exten- 
sions of the tungsten, bevond the gas cap, as, for ex- 
ample, when welding in restricted areas, will require 
somewhat higher than normal flows. If strong air 
drafts cannot be corrected or avoided then here, too. 
higher gas flows may be necessary. Insufficient gas 
coverage will be generally manifested by sputtering of 
the are and the deposit of a dirty black scum over the 
weld in the case of aluminum. It should be observed 
here that these conditions may also be caused by con- 
taminated electrodes, moisture in the are, dirty base 
metal and, on occasion, a poorly adjusted spark gap on 
the high-frequency oscillator when it is used. Of course, 
the tungsten must be centered in the gas cap and the cap 
must be checked to make certain that the orifice has not 
been obstructed by accumulations of spatter and dirt 

While the inert-gas-shielded are-welding process is 
simple in principle, it has been found necessary to pro- 
vide certain equipment and auxiliary features to insure 
consistent, satisfactory results. The holder for the 
tungsten electrode must also provide for conveying the 
inert gas to the gas nozzle. Further, when currents 
above approximately 150 amp. are used it becomes 
necessary to resort to water cooling both for the holder 
itself and the welding leads, to keep the physical dimen- 
sions Within reasonable limits. The use of water cooled 
welding lead permits the use of much lighter copper 
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Manual water-cooled holder and connector block 
for inert-gas-shielded are welding 


Fig. 2 


conductors than those conventionally emploved for 
equivalent current in metal are welding. A typical 
vater cooled holder capable of accommodating elec- 
trodes up to! , in. diam. and having current capacities 
of 475-amp. d.-c. straight polarity or 425-amp. a. ¢. is 
shown in Fig. 2. This holder is also insulated for the 
high-frequency current. Figure 3 illustrates a holder 
designed for mechanized welding operat ions at currents 
of SOO-amp. d.-c. straight polarity, 600-amp. a. ¢ 

In inert-gas are welding, one of the critical elements 
is the flow of the inert gas. Conventional regulators 
which merely indicate delivery pressure do not provide 
any measure of gas flow. Therefore, it is necessary to 
flow-type regulator which 


With this 


type of regulator it is possible to set the precise value 


employ the metering ot 
shows, continuously, the rate of gas flow. 


of gas flow needed for the work. 

Since the shielding gas is relatively expensive it is 
important to see that it is not wasted. However, it is 
equally important that the flow of gas be maintained 
after welding stops for a period long enough to ensure 
cooling of the electrode. If this is not done the hot 
electrode will become oxidized, from the air, resulting 
ina spongy end which will be unsatisfactory for welding 
\ simple method of achieving this end is to use a gas 
suver, connecting the inert gas through it. The other 
gas passage of the device may be used for cooling water, 
particularly if water costs are high. This control of 
afterflow of inert gas may also be accomplished auto- 
matically with the control panel discussed later, or the 
special balanced a.-c. transformer. 

Ordinary rubber and fabric welding hose is not 
satisfactory for conveying helium since this gas will 
diffuse through the hose, and further air will enter from 
the outside. This condition may be demonstrated by 
immersing the hose in water and noting the bubbles 
For conducting this gus it is better to use a 
Small 


arising 
plastic hose (Tygon has proved acceptable). 
diameter plastic hose may be used to line existing rub- 
her hose lines or new, larger, heavy-walled plastic hoses 
may be employed. 

Since water cooling is essential to the performance of 
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the special cable used, in the holder lead, it is important 
to ensure an adequate flow and provide means of sig- 
naling should this flow be interrupted. In plants with 
old pipes in the water system it is a wise precaution to 
install a filter before connecting a holder. This will 
help to keep rust and sediment out of the fine passages 
of the holder. For signaling a failure of the water sup- 
ply a flow switch should be placed in the water line. 
This flow switch may be connected in either the inlet or 
the outlet sides of the water circuit, but preferably in the 
outlet 

The oscillator, if used with a.-c 
as previously described, should be connected to the 


welding power source 


holder with leads as short as possible as this will assist 


in avoiding leakage of the high-frequency eurrent 

The spacing of the electrodes on the spark gap varies 
with different makes but in general it may be stated 
that the spacing should be as small as possible, consist- 
If the spacing is 


ent with good starting and welding 


Fig. 3) Machine holder and universal positioner mounted 
ona travel carriage 
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too great it will cause breakdown of the insulation and 
excessive radiation. This gap clearance should be 
checked at least once a month and more often if welding 
conditions indicate a necessity therefor. The need for 
adjusting the gap will be manifested by an irregular 
sputtering of the arc and the failure to secure a uniform 
white band adjacent to the edge of the bead, particu- 
larly on aluminum. The source of the current for the 
oscillator is usually a 110-v. lighting circuit as dis- 
tinguished from the 220- or 440-v. power source for the 
welding transformer. 

If necessary, the high-frequency oscillator may be 
controlled from a foot switch or switch mounted on the 
handle of the holder. This arrangement is desirable 
when welding must be performed in a tank or an ele- 
vated structure, under which conditions the high-fre- 
quency current should not be on until everything is 
ready to start welding. Either type of switch is wired 
into the 110 v. supply to the oscillator. 
the high frequency with these switches it is possible to 


By controlling 


stop welding current when the high frequency is shut 
off. Breaking the are by withdrawing the electrode 
with the high frequency on, gives a long are which may 
result in hollow craters and lead to crater cracks. 
Craters can be filled properly by using the high fre- 
quencing to start and stop the are intermittently while 
filling the crater. 

In order to facilitate handling, much of this control 
equipment has been assembled into a control panel, 
Fig. 4, which provides for: 


1. Control of gas flow after welding is stopped, by 
means of a solenoid valve and a time delay 
relay; a hand valve for flow regulation is also 
provided; 

2. Starting and breaking the are by means of a 
welding current contactor; 

3. Control of circulating water by means of a hand 
valve and a flow switch, this latter being con- 

; nected to the welding current contactor; 

4. Control of the high frequency so that it is on 
only when welding. 


This control panel may be employed with either a.-c. 
or d.-c. welding power sources, with or without high 
frequency and for manual, mechanized or automatic 
welding. For balanced a. ¢., as supplied by the Heliweld 
Bumblebee transformer, these features are incorpo- 
rated in the unit. 

It will have been observed that in all of this equip- 
ment there are many connections for water, gas, ete. 
These connections must be made up tightly for all the 
In the case of inert gas con- 
nections one further reason exists, viz., a loose hose 
connection may not only permit the escape of gas but it 
may also tend to draw in air. Such air mixed with the 
inert gas would tend to defeat the purpose of the inert 
gas. 

While the definition of the process indicated that the 
electrode is not consumed, it must be appreciated that 
This will occur 


reasons usually advanced. 


there will be some loss of tungsten. 
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CONTROL PANEL 


Fig. 4 Control panel 


chiefly through contamination of the electrode end by 
dipping it in the molten base metal. 
established and operating at the correct voltage and 


Once the are is 


current, the consumption of tungsten will be negligible. 
The actual amounts will be found to be least with d.-c 
straight polarity, next with a. ¢. and high frequency and 
If the end of the 
tungsten becomes contaminated, it should be broken 
off or ground to a fresh end as otherwise the fouled end 
will melt off and drop in the puddle. 


greatest with d.-c. reversed polarity. 


STAINLESS STEEL 


The general group of alloys designated as stainless 
steels are very successfully welded by the inert-gas are- 
welding processes, particularly in thicknesses below 
about * 6 in. Square groove butt joints up to ' 4 in. 
thick, when properly jigged, may be welded without 
filler metal and still have reinforcement at both the top 
and the root; in the other joint types filler metal, 
without any coating or flux, may be added in «a manner 
similar to that used in gas and carbon are welding. 
Welds may be made in all positions, i.e., flat, horizontal, 
vertical and overhead. Reinforerment at the face of 
the weld can be maintained at very low values and, 
therefore, finishing of welds is a very simple and eco- 
nomical operation. As is common with all the applica- 
tions of this process, flux is unnecessary. 

The precautions necessary when welding the stain- 
less steels by other methods, exist for these processes 
also. Thus, with the straight chrome steels, the neces- 
sity for pre- and postheating must be observed and 
followed. It should be noted that the straight chrome 
steels are more commonly employed in the range of 
thicknesses for which metal are welding is more suitable. 
The chrome-nickel alloys, however, are used extensively 
in the lighter gages, and it is in this field that the inert- 
gas arc-welding processes find especial success. The 
problems of carbide precipitation exist with this method 
in the unstabilized varieties of stainless steels. Since 
welding speeds are appreciably higher, the zone of car- 
bide precipitation will be narrower and somewhat closer 
to the weld. Carbide precipitation may be avoided by 
the use of stainless steel with columbium or titanium as 


stabilizers. Since there is no metal transfer across the 
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are, titanium may be used as the stabilizer without fear 
Mechani- 


cal properties of inert-gas are welds in stainless steels 


of loss as is the case with metal are welding. 


will, in general, match the properties of the base metal 
in the annealed state. 

The power sources and shielding gases for the welding 
of stainless steels may be listed in the following order of 
preference: dc. straight polarity with helium; d.-c. 
straight polarity with argon. Tungsten is the electrode 
material generally used but carbon may also be used 
under some circumstances. 

For thicknesses greater than 20 gage, d.-c. straight 
polarity with helium and a tungsten electrode provides 
the best welding conditions for both manual and auto- 
matic welding. The intense heat of the are under these 
conditions makes possible the highest welding speeds. 
If the parts are rigidly held in a jig so that movement 
under welding heat is controlled, then the molten metal 
at the weld is caused to upset thus providing reinforce- 
ment at both the root and the face. Such weld reinforce- 
ment, however, is small when compared to that ob- 
tained with other methods and, in consequence, the 
work of finishing is greatly reduced; for some classes of 
service finishing is unnecessary. There is no slag to 
remove from the welds and such slight discoloration as 
does occur may be removed by light power brushing. 

Argon may be substituted for helium in the above 
arrangements and substantially the same results se- 
cured with the exception of speed and penetration. 
The advantage in speed with helium is valuable princi- 
pally in mechanized and automatic welding. Another 
advantage in increased speed is the lessening of distor- 
tion. While maximum welding speeds cannot be se- 
cured in manual welding, the factor of increased pene- 
tration with helium is important. 

If a carbon is substituted for the tungsten electrode 
in the former conditions (d. ¢., straight polarity and 
argon), the are will be found particularly suited for 
manual welding of thin gage (20 gage and lighter 
stainless steel sheets. Here the relatively “‘colder are”’ 
slows down welding speed and avoids burning through 
this very thin metal. Further, with the carbon are, 
starting will be readily accomplished. To those who 
raise the question of carbon pickup by the stainless steel 
from the electrode, it can only be stated that a large 
manufacturer of stainless food equipment has not en- 
countered this difficulty. Strauss tests conducted on 
these welds have failed to disclose contamination. 

While most of the standard joint designs are suitable 
for this process, best results are obtained without filler 
metal, particularly in automatic welding. This means 
that the square groove butt joint is the most frequently 
used. In some cases filler metal can be provided by 
inserting a strip of the base metal edgewise in the joint. 
A little experimentation will assist in determining the 
width and placement of this filler metal strip to secure 
a satisfactory weld. For other types of joints manually 
welded, filler metal may be introduced but it must be 
appreciated that this will slow down welding speed. 
Under these conditions it is sometimes more practical 
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to resort to metal are welding, especially for fillet welds. 

Are starting which may be difficult, particularly with 
low currents, may be facilitated by using a short im- 
pulse of high-frequency current for automatic welding, 
or by the use of a carbon block on which the are is 
struck. The use of a carbon electrode also assists in are 
starting. If a carbon block is used for starting, care 
must be exercised to avoid long contact of the tungsten 
electrode as this will tend to foul the end causing the 
formation of a large ball. The presence of such a ball 
will create unstable arc conditions. 

In the actual welding operation it should be obvious 
that the highest welding speed, consistent with job 
requirements, will yield best results on this metal. 
Further, the use of the smallest electrode size which will 
carry welding current for the desired penetration will 
result in the narrowest weld zone. Control of these 
same factors will also tend to minimize distortion 

In welding butt joints it is desirable to afford some 
protection at the root of the weld. Where the root is 
accessible, a jet of inert gas may be employed or a small 
hydrogen flame may be burned to secure the protection. 
Backing bars, plain or grooved, made of copper will also 
afford good protection. However, with backing bars 
the space between the sheets and the backing strips 
must be kept small, the amount depending upon the 
thickness, in order to achieve optimum protection. 
Protection at the root of the weld is very important in 
automatic welding. 

The use of jigs in the welding of stainless steel by this 
process is very important particularly on square groove 
butt joints without filler metal. This requires that the 
jigs be of substantial construction capable of exerting 
sufficient foree to prevent movement of the sheets under 
welding heat.- Back-up bars should be incorporated in 
the jig structure for the reasons enumerated above. In 
addition to these functions performed by the jig, they 
will also serve to minimize distortion on these thin 
gages of stainléss steel. 

In manual welding where the number of pieces or the 
shape of the part precludes the use of jigs, tack welding 
should be employed to preserve alignment. It is some- 
times advantageous te use the carbon electrode for tack 
welding, completing the welding with the tungsten 
electrode. 

In the manual welding of stainless steel by this proc- 
ess, either the forehand or the backhand techniques as 
defined for gas welding may be used. Generally speak- 
ing, the conditions surrounding the job will dictate the 
direction of welding. Excessive puddling or remelting 
of the weld deposit should be avoided since this may 
lead to the creation of a large weld pool with the possi- 
bility of contamination. 

Occasionally in welding stainless steel, a soot-like 
deposit will be encountered alongside the welds. This 
is more likely to occur with helium. This deposit, a 
purely surface condition, is not harmful and may be 
readily wiped or brushed off. 

Contamination of the inert gas is caused by external 
sources and is not generally associated with the purity 
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Fig. 5 Stainless steel milk pails—partially welded to left; 
finished pail to right 


of the gas in the evlinder. The most common contami- 
nant is the surrounding atmosphere which may be 
drawn into the inert gas stream through faulty con- 
nections Or improper manipulation of the holder. 

Table 2, is offered as a guide for the manual welding 
of the indicated thickness of stainless steel with direct 
current, straight polarity and either argon or helium as 
the shielding gas. 

One example of commercial production with the 
inert-gas are process is shown in Figs. 5 and 6. Figure 
5 pictures a welded, partially completed milking ma- 
chine pail at the left, while a completed unit is at the 
right. Figure 6 illustrates the setup and jigging for 
welding the circumferential seam using «a machine 
Heliweld Holder. Alignment of the are with the joint 


Fig. 6 Welding a circumferential seam with machine 
holder—note guide roller to right of are 
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Table 2—Manual Welding Stainless Steel 
—— Argon — Helium 
Current Argon Current Helium 
thick- of range, gas range, gas 
ness, tungsten, d.c-s.p., flow, C.-8. flow, 
in. in. amp. efh. cfh. 
0.031 0.040 25 67 “< 6-10 
0.050 / SO. 5 6-10 50-18) 8-12 
0.0625 2: 6-10 j 10-14 
0.078 3/39 6-10 10-16 
0.125 50-37! 8-12 10-20 


Material Diameter 


Note: Flows measured in liters per minute may be converted 
to cubic feet per hour by using the following equation which gives 
approximate values: Cubic feet per hour = 2X (Liters per min- 
ute) 


is accomplished by means of the wheel (riding the 
groove) seen to the right of the gas nozzle. 

In Fig. 7, to the left, is shown a deep drawn stainless 
steel cup (about 2* , in. diam. by 4! » in. long) and the 


Fig.7 Stainless steel container—parts to left, welded unit 
at right 


stamped disk closure for the open end. The completely 
automatically welded assembly is pictured to the right 
in Fig. 7. Figure 8 illustrates the method of jigging 
these parts and the application of the Heliweld Auto- 
matic Head to the operation. The cup is 0.045 in. thick, 
while the head is 0.065 in. thick; these two pieces meet 
ina corner joint, the diameter of the stamping matching 
the outside diameter of the cup. Using d.-c. straight 
polarity at 18 v. (are voltage), 65 amp. (' /js-in. tungs- 
ten electrode) and 10 liters per minute of helium, weld- 
ing Was accomplished at a speed of 36 in. per minute. 
Examples of extremely fine Type 308 stainless steel 
performed manually with this process are shown in 
Fig. 9. Part 1, to the left, shows a capillary tube ("ie 
in. O. D. x 0.020-in. 1. D.) which is welded to a * js-in. 
QO. D. x y-in. 1. D. tubes wedged to fit the capillary. 
This welding is performed with a ', sin. carbon elec- 
trode using 20 amp. on d.-c. straight polarity and 8 cfh. 
The assembly of the * js-in. tube and capillary is next 
welded into a plug inserted in a l-in. O. D. x 0.085-in. 
wall tube; the other end is sealed with a solid plug. 
This welding requires 45 amp. on the ! /.-in. carbon elec- 
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A tungsten a.-c. are is usually hard to start and difh- 
cult to maintain with standard transformers because of 


the changing nature of the current. Using standard 
welding transformers, this may be overcome by intro- 


dueing the high-frequency pilot circuit which assists in 


starting and maintaining the are as the current passe= 
through zero. With this welding power arrangement. 


experience indicates that argon is the best gas to use 


The disadvantages of the method have been covered 


earlier under the discussion of radio interference, d.-« 


component and lowered transformer capacity 
(nother means of overcoming the inherent difficultie= 


of the a.-c. are is to use a transformer, which provides 


balanced a. ¢. with two values of open circuit voltage 
viz., and 100 This equipment has been discussed 


earlier. Either argon or helium can be used with the 
balanced a.¢. Helium, particularly in automatic weld- 


ing, offers advantages in increased speed and lower cur- 


rents. 
The purity of the gases used for welding aluminum I= 


very important. Argon should be not less than 99. 


ratio (argon to nitrogen) purity for consistent results 


Water vapor must be avoided as it will lead to inferion 


welds. Nitrogen in excessive amounts May cause i 


black seum deposit on the weld; this, however, does not 


appear to affect the weld itself, as exographs are sound 
Helium should be 99.5; purity. which is the value now 


Fig.8 Setup for welding parts shown in Fig. 7, using auto- being commercially supplied Again, water vapor 
matic head 
should be avoided. 


trode with 10 efh of helium. Part 2, to the right, is 


substantially the same type of assembly, except that 


the coil is substituted for the straight tube. These 


assemblies are tested at 500 psi. 


ALUMINUM 


Aluminum is one of the metals that is welded very 
successtully by the inert-gas-shielded are process, 


principally because it eliminates the use of flux, so 


necessary with other welding techniques. Welds made 


by this process will show high mechanical properties and 


will consistently pass X-ray examination. 


Of all the possible sources of welding power only a. ¢ 
offers all the desirable features. Early in the develop- 
ment of this process d.-c. straight polarity was used but 


required a flux consisting of equal parts of aluminum 


welding and brazing fluxes mixed with aleohol, to secure 


satisfactory results. It was observed earlier in the 


discussion of reversed polarity that this current arrange- 


ment had the property of dispersing oxides particularly 
those of aluminum. Unfortunately, reversed polarity 


is unsuited for welding aluminum because of the re- 


duced current capacity of electrodes under this condi- 


tion. However, in a. ¢. we have, in effect, straight po- 


larity on one side of the a.-c. wave and reversed polarity 


on the other, and these occur 60 times a see. Further, ‘ he ea 
with alternating current the electrode current capacity 
is reasonably high and the oxide film is dispersed, : 


thereby producing clean welds. Thus, it is possible t : 
hereby producing clean weld wus, it is possible to Fig.9 Asser lity of Type 308 stainless steel capillary tubes 


weld aluminum without flux using a. ¢. with ‘arger elements: manually welded 
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The amount and velocity of the inert gas delivered to 
the welding zone is important because it influences the 
quality of the finished weld. Sufficient gas must be 
available to shield the electrode, the are and the molten 
metal. Too great a flow or velocity of the gas may cre- 
ate an undesirable welding condition. This condition 
will be reflected in weld metal porosity and poor ap- 
pearance. The orifice of the gas cap, Table 1, must be 
iarge enough to ensure the proper flow of low velocity 
gas. 

While the inert-gas welding processes are capable of 
welding aluminum without flux, this must not be con- 
strued as meaning that cleaning prior to welding may 
be ignored. The minimum cleaning operation should be 
degreasing. 

Normally, compositions such as 28, 38 and 528 will 
not exhibit difficult oxide conditions, while the higher, 
weldable alloys will. Where difficult oxide conditions 
are encountered, they should be ‘treated in the usual 
manner either by mechanical cleaning or chemical 
cleaning. Cleaning should not precede welding by too 
long a period of time as this will permit re-oxidation. 

The standard joint designs are applicable for inert- 
gas are welding of aluminum. For thicknesses up to 
about © y in. the square groove butt joint is generally 
suitable and grooved joints for greater thicknesses. 
Where welding may be performed from both sides, ma- 
terial up to '/, in. thick may be welded without bevel- 
ing. Butt joints may employ backing structures, pref- 
erably of stainless steel. Filler metal, without coating 
or flux, will be necessary for most butt joints over about 
' 16 in. because of the tendency of the molten pool to 
sag. This latter fact limits the use of automatic weld- 
ing on butt joints unless a suitable wire feeding device 
for filler metal may be secured. Lap and tee-joints may 
be welded with fillet welds and, in the case of the former, 
the upper sheet may be melted to provide the filler 
metal. 

The introduction of filler metal in the manual welding 
‘of aluminum is something of a problem because of the 
high heat conductivity of this metal and its strong 
tendency to oxidize. If the filler rod is maintained in 
continuous contact with the are and puddle it will be 
found that it tends to soften and melt well up the rod 
outside the protective envelope of the inert gas. This 


naturally leads to oxidation of the rod surface and when 


it reaches the weld puddle will slow up welding (as the 
operator must manipulate the are to remove the oxide) 
and may introduce oxide. One technique for over- 
coming this is to apply the rod intermittently—almost 
drop by drop. This calls for a slight backing up of the 
tungsten while the end of the rod is dipped in the molten 
metal. In this method it is a wise precaution not to 
withdraw the rod from the protective envelope of gas 
as this again would permit oxidation. 

In production work, jigs and fixtures for the main- 
tenance of contours, shape and dimensional accuracy as 
well as control of distortion will be found helpful. If 
welding is performed without filler metal, the edges of 
butt joints must be accurately fitted and held in close, 
metal to metal, alignment for best results. Similarly, 
lap joints welded without filler metal must also be 
maintained in metal-to-metal contact. 

Welding aluminum by this process, using either of the 
power arrangements listed previously, is essentially the 
same as other welding techniques. Recommended cur- 
rents and electrode sizes for several thicknesses are 
provided in Table 3; these data are provided for both 
the a. c. with high frequency (and therefore with d.-c. 
component) and the balanced a.-c. circuits. Manual 
welding may be performed in all positions; vertical 
welding, coming down, gives good penetration and is 
recommended on thicknesses up to */;¢ in.; above this, 
vertical welding upwards is preferred. Filler metal 
should be selected on the same basis as is employed for 
welding with the older processes. Filler metal should 
be cleaned with as much care as base metal. Over- 
heating of the metal must be avoided, as this creates a 
large area of molten metal which extends beyond the 
gas shield and results in oxidation with all its attendant 
ills. 

While welding of the heat-treated alloys is not gen- 
erally recommended, reports of experimental work in 
progress indicate that the best results acheived so far 
are obtained with this process. In those alloys exhibit- 
ing crack sensitivity (52S and 61S), it is important to 
fill all craters and avoid highly restrained joints. It is 
difficult to secure exact color matching of weld with 
parent metal, nevertheless, these welds will take ano- 
dizing and similar treatments. 

An extremely interesting practical application of this 
process in a maintenance operation is shown in Fig. 10. 


Alternating current 
with high frequency and 


Tungsten 


Metal electrode —— d.-c. component ———~ 
thickness, Size Current range, Argon flow 
in, in. amp. ef.h. 
"/ie 0.040 40-75 10-15 

75-125 14-18 
3/32 
3/39 100-170 15-18 
125-225 15-20 
16 
‘ 7/10 200-300 15-25 
1 


Table 3—Manual Welding of Aluminum 


Balanced alternating current 


Helium — - Argon ~ 
Current Helium Current Argon 
range, flow, range, flow, 
amp. ef h. amp. c.f.h. 
20-60 10-15 85 10-15 
30-100 12-16 60-130 14-18 
60-175 15-20 80-200 15-18 
80-240 18-25 110-300 15-20 
24-30 200-410 15-25 
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This tank is 10 ft. in diameter, 16 ft. long and fabricated 
of */s-in. thick 2S aluminum; it is used for the storage 
of peroxide. The bottom ring of these tanks had to be 
replaced and was removed by mechanical means. The 
new ring was aligned by means of a circular. strap 
(visible in Figs. 10 and 11) provided with slotted holes 
through which tack welds 4—5 in. long were made. 
Welding was performed with the manual water-cooled 
holder using */,.-in. tungsten electrode, standard a.-c. 
welding transformer with the superimposed high-fre- 


Fig. 10 Aluminum (2S) tank, 10 ft. in diameter, 16 ft. 
long and */,in. thick, set up on rolls for welding of new 
bottom section 


Fig. 11 Manual welding of joint between new and old 
sections of tank, see Fig. 10. Note clamp for alignment 
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quency stabilizing current. Welding current of 260- 
300 amp. was used. Argon flow of 25 |. per minute 
(about 50 cfh.) was necessarily high, since work was 
performed out of doors. About 12 lb. of 2S welding rod 
was required to fill the 99° single vee-groove butt joint 
('/s-in. land) and provide a backing bead. Welding, as 
may be seen in Fig. 11, was performed in approximately 
the vertical position. 

Figure 12 shows two permanent mold castings used 
in an assembly of a special gasoline tank. The assembly 
welded at both the external and internal intersections, 
is shown in Fig. 13. 
about '/s in. thickness, is manually welded using the 


This material, which averages 


balanced a.-c. transformer, a '/s-in. tungsten electrode 


and 125 amp. with an argon flow of 15 |. per minute 
(30 cfh.). 
COPPER AND COPPER BASE ALLOYS 


Copper 


Commercially pure copper is welded with success by 


the inert-gas are-welding process. However, the limita- 


Permanent mold castings used in fabrication of 
gasoline tank 


Fig. 13 Welded assembly of gasoline tank 
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tions which exist for other welding methods, obtain in 
this case also. Thus, deoxidized or oxygen-free copper 
may be welded and joint strengths equaling that of the 
annealed base metal will be secured; electrolytic or 
tough pitch copper, while it may be fused, will be found 
to yield very low strengths (of the order of 12,000 psi.) 
due to segregation of the copper oxide inevitably pres- 
ent in these types. 

Direct current, straight polarity, with tungsten and 
helium as the shielding gas, provides the best results. 
Argon may also be employed, but the ‘colder are’’ will 
be found to be less satisfactory because of the high heat 
conductivity of the copper. Preheating will not, in 
general, be necessary on thicknesses up to '/; in. and on 
small sections. On thicknesses greater than '/, in. and 
on large masses, preheating will permit faster welding 
speeds and insure sounder welds. Flux is, of course, 
unnecessary. Large cast copper sections must be pre- 
heated to about 600° F. and this preheat maintained 
continuously during welding to prevent formation of 
residual stresses. 

There appears to be a tendency for welds in copper, 
by this process, to exhibit porosity. However, this is 
not invariably the case and there does not appear to be 
a complete explanation available at present. Another 
source reported cracking adjacent to the weld without 
identifying the base metal type. Cracking sometimes 
occurs when welding the electrolytic or tough pitch 
types but should not be encountered with deoxidized 
copper. 

The production of rotors for fractional horsepower 
motors has been facilitated by the introduction of this 
process of welding. Figure 14, to the left, illustrates 
an assembled rotor with the copper end plates and pro- 
jecting copper bars coined for temporary holding. This 
part is then preheated and set upon a rotating 
table under a machine Heliweld Holder. Welding 
is accomplished in this semiautomatic setup, Fig. 15, 
using d.-c. straight polarity at 150 amp. on a ‘/s-in. 
tungsten electrode with helium flow at 7 |. per minute. 
Preheating serves to increase the over-all speed of weld- 


Fig. 14 Rotor assembly for fractional horsepower 
motors—preliminary mechanical assembly to left, welded 
unit at right 
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Fig. 15 Setup for welding rotors—preheating shown at 
left, welding at the right 


ing. Two welds are necessary, one on each end, to 
complete the rotors, which are produced at a rate of 
about one each minute. 


Copper Base Alloys 


Of the numerous copper base alloys only a relatively 
few have been reported upon in connection with their 
welding by this process, but enough have been welded 
to indicate that this method is eminently suited for the 
copper base alloys. Of this group the silicon bronzes, 
aluminum bronzes, manganese bronzes and some brasses 
have yielded satisfactory results. It should be noted 
that if the alloy is in the cold-worked (hardened) state, 
the heat of welding will produce annealed zones on each 
side of the weld and, therefore, the joint strength, as- 
welded, will be equal only to the annealed strength of 
the base metal. 

Silicon Bronze. This group of alloys generally con- 
tains about 3% silicon and 96-97°% copper with various 
other small additions. These metals are best welded 
with d. ¢., straight polarity and helium or argon, al- 
though a. c. with high frequency and argon may be used 
in thicknesses up to about */s in. Heavy sections are 
regularly welded with d. ¢., straight polarity using 
filler metal of the same analysis. This silicon bronze 
filler metal, either plain or tin coated, frequently has 
been used for joining sheet steel, particularly tin 
coated and galvanized sheet. This same braze weld- 
ing technique may be employed with d. c., straight 
polarity and argon even with the tin-coated rods and 
excellent results secured. 

Manganese Bronze. Large manganese bronze cast- 
ings have been successfully welded with balanced a. ce. 
and helium or argon, or standard a.-c. transformers 
with thigh frequency and argon. For light sections of 
such castings, localized preheat is sufficient while 
larger areas and heavier sections require general pre- 
heating. Aluminum bronze rods (bare) provide good 
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filler metal but imperfect color match. For closer 
color match it is best to cast rods of the same analysis 
as the base metal. 

Brass. In the field of brasses, manual welding has 
been performed on an architectural bronze of the basic 
70% Cu. — 30% Zn. composition with an addition of 
about 2.5% Pb. Ordinarily, this would be considered 
unweldable with such a high lead content. However, 
straight polarity and argon, this was 
It was also welded with a. c., 
Color match at the weld 


using d. e. 
successfully welded. 
high frequency and argon. 
will not be exact due to the fact that the lead 
out.” 


sweats 


MAGNESIUM 


Magnesium is probably the first metal which was 
successfully welded by the inert-gas are process. It 
played an important part in the salvage of castings and 
fabrication of sheet parts of magnesium. The fact 
that flux was unnecessary eliminated one of the doubts 
always attendant upon gas welding of magnesium, i.e., 
the complete elimination of flux residue. If flux is 
not entirely removed, it will ultimately attack the 
magnesium and weaken the structure. 

Magnesium may be welded with d.-c. reversed polar- 
ity and either helium or argon; or it may be welded 
with a. ¢., high frequency and argon. The d.-c. re- 
versed-polarity tungsten are in helium produces a 
smoother, neater bead than the are with the same elec- 
trical conditions but using argon. The use of a. ¢. and 
high frequency with argon yields excellent results as 
good with helium and d.-c. reversed polarity. On 
some magnesium alloys a. c. appears to give best re- 
sults. 

Cleaning is very important in the welding of mag- 
nesium, since failure to ebserve this instruction is very 
likely to cause incomplete penetration and porosity. 
First, remove all oil and grease with carbon tetra- 
chloride or similar solvent. Next, clean the top, 
bottom and edges adjacent to the weld with abrasive 
cloth or steel wool; do not touch the cleaned surfaces 
The filler rod must also be cleaned 
Cleaning should not precede welding 


with the hands. 
with steel wool. 
by too long a time as surfaces will re-oxidize. 

Joint designs are substantially the same as for other 
forms of welding. For metal up to '/s or 5/3 in. the 
square groove butt joint is satisfactory, since the are 
readily penetrates these thicknesses. For greater 
thicknesses, either the single or the double-vee groove 
butt joint may be used. The included angle of the vee 
should be 90-120°. Single and double bevel tee-joints 
may be employed on plates intersecting in a “T.” 
Grooved backing structures may be employed to con- 
trol the amount of root penetration. 


STEEL 
At present, in the light of available knowledge, the 
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welding of rimmed steel does not appear to be a uni- 
formly successful operation. In explanation, it may 
be stated that the intensely localized application of 
heat and the rapid welding speeds which characterize 
this process seem to cause such rapid freezing of the 
molten metal that the gases evolved do not have time 
to escape, and, in consequence, are trapped forming 
porosity. In some cases, moderate success has been 
achieved with d.-c. straight polarity and either shield- 
ing gas, but the mechanical properties of such welds 
are low. In other cases, where porosity has been ex- 
cessive, it has been attributed to residual oxygen in 
the steel. 

Killed steels, particularly those treated with alumi- 
num, may be readily welded with the inert-gas are proc- 
ess. The tungsten electrode with either helium or 
argon has proved successful. The application is, how- 
ever, limited to gage metal thicknesses since the other 
are-welding processes offer more practical and econom- 
ical approaches to the problems of welding heavy steel 
sections. If filler metal is to be added in a weld made 
by this process, it, too, should be of the killed variety. 


SILVER 


Silver 
successfully welded by the inert-gas arc-welding proc- 


sterling and commercially pure — has been 


ess using d.-c. straight polarity and either helium or 
argon. Some porosity may be experienced when using 
either gas, but, in general, the results are satisfactory. 
In common with most other welding processes, the weld 
will exhibit large grain size. 

One of the principal applications of this method is 
in the joining of special silver pipe used in certain 
chemical processes. Another use is for the overlaying 
of silver on steel to make, in effect, silver clad steel. 


NICKEL AND NICKEL ALLOYS 


Commercially pure nickel and Monel are welded 
with only moderate success with this process. In the 
case of nickel, porosity is the major difficulty. Monel 
in some special variations of this fundamental analysis 
welds satisfactorily, whereas the normal type develops 
cracks and porosity. However, in some automatic 
welding applications, the introduction of an oxyacety- 
lene preheating flame has been found to eliminate poros- 
ity on the standard analysis of Monel. Any of the 
power and gas combinations may be used, but d.-c. 
straight polarity, is best. 

Inconel has been successfully welded using d.-c. 
straight polarity and helium. This alloy is currently 
being welded mechanically to form small diameter 
tubing. 


OTHER METALS 


Many other metals have been successfully welded by 
this process; however, such uses are limited either be- 
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cause the metal has but a restricted field of use or the 
need for the welded product does not exist. A typical 
example of this is the pure metal titanium, now pro- 
duced on a laboratory seale, only. This is very 
successfully welded with balanced a. ¢. and helium. 

An alloy steel containing 4% silicon is used exten- 
sively for transformer cores, etc. To facilitate continu- 
ous rolling of this metal into thin sheets, strips are 
welded into continuous lengths. For this purpose, d.-e. 
straight polarity and either helium or argon are em- 
ployed. Both semiautomatic and fully automatic 
equipment are used. 

Lead, in its various analyses, is welded by this 
method and excellent results secured. Welding power 
is d.-c. straight polarity; the shielding gas, helium; 
and the electrode, tungsten. The shielding gas serves 
an additional purpose here in that it suppresses the 
lead fumes which may be annoying and sometimes 
dangerous. 

CONCLUSION 

The many new advantages and properties of this 
inert-gas-shielded arc-welding process commend it, to 
However, these very advan- 
care 


industry for wide use. 
tuges carry with them the necessity for greater 
and control in the application of the process if optimum 
results are to be obtained. Thus, the elimination of 
chemical fluxes does not mean that all cleaning may be 
omitted; and the achievement of the high welding 
speeds characteristic of this process may not be en- 
joyed unless joints are accurately and carefully fitted. 
In short, these advantages may be secured only if good 
welding practices are observed. 

When difficulties are encountered, it is quite natural 
for those who are new to the process to suspect the 
purity of the inert gas as being the cause of the trouble. 
Practical experience has shown that of all the possible 
sources of trouble, this is the least likely to be involved 
and particularly in so far as purity in the cylinder is 
concerned. Improper hoses and connections are more 
likely to create contamination of the gas and should 
be checked. Another factor is the control of gas flow. 


The inert gas must flow before welding starts to ensure 
purging of the lines. It must also continue after weld- 
ing to cool the tungsten and avoid oxidation of the end 
of the electrode. Welding power source is one of the 
more frequent sources of trouble. With a. c¢., using 
standard transformers and the high-frequency pilot 
circuit, the adjustment of the oscillator spark gaps is 
a common cause of welding difficulties. Joint fit-up 
may also contribute to poor welding. Sloppy fit-up 
most certainly will yield poor welds. Then, of course, 
there is the problem of operator skill. While this pro- 
cess is similar in many respects to the older 
there is sufficient difference to require those learning 
the new technique to discard preconceived notions and 
approach the work with an open mind. 

The inert-gas-shielded arc-welding process is new 
when compared with the established welding methods. 
Its inherent advantages, however, have established it 
as one of the more important current techniques. This 
very newness carries the further implication that many 
advances may be anticipated in view of the extensive 
research in progress. Thus the data herein presented 
may well be rendered obsolete when new data are pub- 


processes, 


lished. A case in point is the preliminary information 
on the properties and possibilities of higher purity 


helium now undergoin tests. 
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Welding Alloy Steels for High-Temperature Service 


by M. E. Holmberg 


INTRODUCTION 


The oil industry has constantly demanded better 
materials of construction and has always used the prop- 
erties of available materials to the utmost. Repeatedly 
it has been limited in the oil and gas it could produce or 
the products it could make by the properties of the 
steels and other materials used in equipment. In order 
to reduce the number of failures and to permit the use 
of more severe operating conditions, the oil industry is 
always looking for better materials; and, as they have 
been developed, has been quick to put them into serv- 
ice. It is only natural, therefore, that the oil industry 
has become one of the big users of alloys and welding. 
If it were not for the use of alloys and welding, many of 
the present day operations, especially with respect to 
processing, would be impossible. 

Where metals are used under severe conditions, nu- 
merous problems and failures are encountered. By 
studying these failures, much can be learned, as a fail- 
ure in service is in effect a test to destruction. Complete 
information concerning the characteristics of materials 
under all the conditions encountered in high tempera- 
ture services is not available. It therefore is especially 
important that studies be made of failures in materials 
used in high temperature service. This paper is based 
principally on the study of failures in welded alloy 
structures and most of the problems and failures re- 
ferred to were associated with high temperature service. 
It is limited to processing equipment such as used in 
gasoline plants and refineries and deals mostly with 
piping. 


DESIGN 


The use of back-up rings is common practice in weld- 
ing piping and many codes and specifications make 
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® The peculiar conditions prevailing in high-temperature oil and 
gas processing require special design consideration and special alloys 


their use mandatory. Undereuts and cracks at the 
root of the weld, poor penetration and other common 
defects are frequently found in welds made with back- 
up rings. Thousands of miles of pipe lines have been 
successfully welded without back-up rings, which are 
objectionable because they interfere with the running 
of serapers to clean out the lines. Carbon steel piping 
welded without back-up rings has been entirely satis- 
factory in refinery and gasoline plants. Because of 
extensive successful experience in welding steel piping 
for oil, gas, steam and water service, without back-up 
rings, the use of back-up rings for welding alloy piping 
was not considered necessary. 

Hydrocarbon gas that remains relatively dormant 
“cracks” at high temperatures with the formation of 
carbon. This carbon frequently exerts sufficient pres- 
sure to distort metal 
which forms when hydrocarbon gases are heated to high 


The pressure exerted by carbon 


temperatures was illustrated by the failure of a transfer 
line heat exchanger. The gases to be cracked were 
preheated by a heat exchanger which also cooled the 
cracked gases. Each unit of the exchanger consisted of 
a 4-in. O.D. tube passing through a 6-in O.D. shell see- 
The hot 


tion. The end of one unit is shown in Fig. 1. 


Fig. 1 


One end of a transfer line heat exchanger which 
failed when the hot gases, passing through the center 
tube, heated the gases that remained dormant in the 
head and caused the formation of carbon. The carbon 
exerted sufficient pressure to deform the head and to 
squeese the center tube in two as shown in Fig. 2 
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and cause complete failure. 


Fig. 2 Inside tube, which was squeezed in two by carbon 
that formed inside of exchanger head shown in Fig. 1 
gases passed through the tube and the gases to be 
cracked were preheated by passing in the opposite 
direction through the shell. Several such exchangers 
were connected in series. At the hottest end the gases 
that collected in the head decomposed with the forma- 
tion of carbon, which exerted enough pressure to squeeze 
the inner tube in two (see Fig. 2) and to éxpand the 
head and shell. To prevent the occurrence of such 
failures it was necessary to design equipment so as to 
eliminate pockets in which gas could collect and 
“erack.”’ In the exchanger referred to, the shell nozzle 
was moved to the end of the head to eliminate the “dead 
end” in which the gas could remain dormant long 
enough to “crack.” 

Freedom from root bead cracks and incomplete pene- 
tration was essential, as carbon would form in even 
very minute cracks and could wedge the metal apart 
Minor root bead defects, 
which in most services would not have been serious, were 
responsible for numerous failures because of carbon 
formation. A failure resulting from incomplete fusion 
along one edge of a weld between an 18-8 and a 
25-20 tube is shown in Figure 3. The manner in which 


the carbon tears the metal apart at cracks is illustrated 
in Figs. 4 and 5. 


Trouble of this type was aggra- 


Fig. 3 Failure in weld between 18-8 and 25-20 tubes. 


Failure resulted from expansion of carbon that formed 


in crack caused by poor fusion along one edge of weld 
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vated in salvaging used tubes by the necessity of weld- 
ing carburized tubes and tubes of varying wall thick- 
nesses. Even though it might have been considered de- 
sirable to use back-up rings, their use would have been 
unsatisfactory because carbon would have formed and 
torn them loose. In welding the austenitic steels, dif- 
ficulty was constantly experienced with root bead, 
crater, and micro cracks. Some of these fine cracks are 
evident in Fig. 5. Such cracks are still a common 
occurrence and micro fissuring is an important consid- 
eration when making austenitic welds. 


AUSTENITIC STEELS 


The use of high alloys, such as the “stainless steels,” 


Fig. 4 Inside surface of weld that failed as a result 
of incomplete penetration. Carbon formed in the crack 
and tore the metal loose 


Fig. 5 Cross sections of weld between new and salvaged 

25 Cr-20 Ni tubes showing manner in which carbon tears 

metal apart. Note numerous cracks in weld metal and 
carburized metal at lower surfaces and at cracks 
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is often associated with corrosion; but corrosion resist- 
ance is only one of the reasons for using alloys. The 
“stainless steels”, such as 18-8 and 25-20, are used in 
many refinery and gasoline plant applications—not 
because of their corrosion resistance to the fluids being 
processed, but because of their excellent high tempera- 
ture oxidation resistance and physical properties. The 
literature is full of references and recommendations 
that stabilized alloys should be used if they are to be 
welded or exposed to temperatures between 800 °F. and 
1600° F. Where corrosion is not a factor and the aus- 
tenitic alloys are used solely because of their high 
temperature properties, they need not be stabilized even 
though they are welded and exposed to temperatures 
above 800° F. 

Stabilization depends either upon the carbides being 
combined with the stabilizing element, usually colum- 
bium or titanium, or upon the spheroidization of car- 
bides upon exposure to elevated temperatures and the 
diffusion of chromium so as to eliminate the depletion 
of chromium which occurs when the carbides are pre- 
cipitated. Many of the services in gasoline plants and 
refineries are such that even the austenitic steels become 
sarburized. Carburized cases '/s-in. deep have fre- 
quently been observed and analyses have shown carbon 
contents approaching 3% in the cases developed in 
18-8 and 25-20 tubes. Carburized surfaces are evident 
in Fig. 5. It is obvious that the stabilizing elements do 
not remain effective when the carbon content increases 
to many times that of the stabilizing element. Because 
neither corrosion nor intergranular cracking developed 
in many applications of nonstabilized austenitic alloys 
in high temperature service where carburization oc- 
curred, it also became the practice to use the nonsta- 
bilized austenitic steels for all high temperature ap- 
plications where corrosion was not a factor. Such ap- 
plications have been successful. 

For intergranular corrosion to occur, it appears that 
an electrolyte must be present. Since an electrolyte 
cannot exist at elevated temperatures, intergranular 
corrosion does not develop even though carbide precipi- 
tation has taken place. For example, nonstabilized 
18-8 hes performed satisfactorily in a welded super- 
heater that produces 1200° F. steam-air mixture. 
Where the non-stabilized alloys are used in high tem- 
perature service, care should be taken that corrosive 
waters are not used for hydrostatic testing and that 
corrosion does not occur during shut down periods as a 
result of condensation and the formation of an electro- 
lyte. This precaution with respect to condensation 


Fig.6 Tensile test made in specimen cut from carburized 


18-8-Cb tube 
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Fig. 7 Cracks in carburized case on inside surface of 

tubes. These cracks were caused by hitting the outside 

surface with a ball peen hammer to check the piping for 

thin spots. The cracks have partially opened up. Such 

cracks quickly develop into holes completely through the 
tu 


during shut down periods may be necessary for only a 
limited time, as operating temperatures are often high 
enough to stabilize the metal by spheroidization of the 
carbides and diffusion of the chromium. Intergranular 
oxidation does occur at elevated temperatures and has 
frequently been observed in both chemically and heat 
stabilized austenitic steels, and, o: course, can proceed 
without the presence of an electrolyte. 

Where carburization occurs, cracks are easily formed 
in the carburized case. Such cracks should be avoided 
as they can quickly develop into complete failures. 
The carburized surface has practically no ductility and 
cracks with very little deformation. This is illustrated 
in Figure 6 which shows cracks on the surface of a ten- 
sile test coupon cut from a carburized 18-8 tube. Itisa 
common practice to check piping for thin spots by ham- 
mering with a ball peen hammer. This practice had to 
be discontinued as hammer blows on the outside of 
piping would crack the carburized case on the inside. 
Cracks caused by hammer blows are shown in Fig. 7. 
It was frequently necessary to weld carburized 18-8 and 
25-20. This was successfully done without cracking the 
case, provided the welds were preheated and too much 
current was not used in welding. Figure 8 shows cracks 
near the weld in the case on the inside surface of an 18-8 


Fig. 8 Cracks in carburized case adjacent to weld in car- 
burized 18-8-Cb tube 
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Fig. 9 Etched cross section of crack in heavily Carburized 
18-8 tube. Note progressive nature of crack as indicated by 
variation in depth of carburization 


tube that was welded with excessive current and without 
preheating. 

There was reason to believe that some cracks, which 
developed on the inside surface of heavily carburized 
tubes, were caused by stresses set up by differences in 
the coefficients of expansion of the base material and 
the carburized surface. Data on thermal properties of 
18-8 with varying carbon content were not available; 
therefore, an experiment was devised to determine 
whether there is a difference in rate of thermal expan- 
sion of thecarburized and non-carburized sides of anl8—-S 
tube. A 12in. long by 1' , in. wide strip was cut from a 
5' ein.O.D. X yin. wallearburized tube which was car- 
burized approximately half way across the wall thickness. 
The specimen was straight when cold. It was placed in 
a small furnace and heated slowly and uniformly 
to 1190° F. while resting on one edge. 
bowed during heating with the carburized surface on the 
inside of the bend. After cooling, it was slightly curved 


The specimen 


in the opposite direction. The carburized specimen and 
another non-carburized 18-8 specimen of the same size, 


Fig. 10 Bow in carburized 18-8 tube when heated to 
1 F. to demonstrate difference in coefficient of ex- 
pansion between carburized and non-carburized 18-8 
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which was cut from a new tube, were placed together 
on edge and carefully heated with a torch to a uniform 
red heat (maximum measured with a thermocouple was 
1200° F.). The carburized specimen deflected */s in. 
at the center with the carburized surface the inside 
of the bow, while the non-carburized specimen re- 
mained straight, as shown in Fig. 10. The curva- 
ture was apparent with only slight heating. Upon 
cooling, a slight (approximately '/j. in.) bow in the 
opposite direction remained. 

The austenitic steels seldom are ductile at high 
temperatures and generally fail with very little elonga- 
tion. When carbon formed in gas cracking furnaces 
and eroded the tubes so that they became very thin 
high stresses and creep rates developed, with the result 
that 18-8 and 25-20 tubes showed considerable due- 
tility before failing. By measuring the circumference 


Fig. 11 25 Cr-20 Ni welds in 18-8 tubes. 


Failures oc- 
curred in approximately 2500 hr. because of the poor duc- 
tility in the weld metal when excessive creep occurred 


of the tubes, the ductility could be readily checked 
and elongations up to 14°, were measured in tubes 
that were originally 5' » inches O.D. The welds, how- 
ever, which are essentially castings, were less ductile 
at the operating temperatures and failed with much 
than the wrought tubes. If 
welds were present at locations where considerable 
creep occurred, transverse cracks across the welds 


less creep austenitic 


developed, as shown in Fig. 11. 


FERRITIC ALLOYS 


The chrome-molybdenum steels for still tubes were 


developed because of a need for steels resistant to 
corrosion at high temperatures when handling crude 
oils containing sulphur. The best known of these steels 

The 


is the chrome! 3° steel. 
chrome-molybdenum steels containing more than 1% 


molybdenum 
chromium are very air hardening, and for many years 
the welding of these steels was avoided. They were 
threaded or rolled into headers and return bends, and, 
because it Was necessary to disassemble the units at 
frequent intervals in order to remove coke, mechanical 
joints were desirable and there was not much demand 
that these air hardening steels be welded. 

Corrosion and erosion were often most severe at the 
ends of the still tubes with the result that large quanti- 
ties of worn tubes accumulated which could be salvaged 
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if a new end could be welded on. Many such tubes have 
been salvaged using a welding procedure consisting of 
preheating to 400-600° F., welding with 5-chrome- 
molybdenum rod, and keeping the weld above 400° F 
until it could be heat treated. The heat treatment was 
essentially a tempering treatment and consisted of 
heating to 1325-1375° F 
procedure has proved satisfactory in the fabrication of 


and air cooling. This same 
piping and small vessels such as heat exchangers. 

The other chrome-molybdenum steels were welded 
with the same procedure. Except on large construction 
jobs, where special welding rods were justified, the 
chrome-molybdenum steels containing less than 5% 
were welded with 5-chrome-molybdenum rod. During 
the war when all types of rods were not available, even 
7-chrome-molybdenum and  9-chrome-molybdenum 
were frequently welded with 5-chrome-molybdenum 
rod. 

When 9-chrome-molybdenum steel was welded with 
the above procedure it was found that the heat treat- 
ment was not effective. At first it was thought mistakes 
had been made in measuring temperatures, but this was 
not the case. Further investigation developed that the 
transformation temperature of 9-chrome-molybdenum 
steel on cooling is below 400° F., with the result that 
the weld and heat-affected zone remained austenitic and 
By letting the weld cool to 150° I 


Was not tempered 2 
before tempering, transformation takes place and the 
weld can be tempered by heating to 1325-1375° F 

Where it is impossible to heat treat chrome-molyb- 
denum welds, these steels are welded with the aus- 
tenitic rod, 25 chrome-20 nickel. In such eases, the 
practice is to preheat to 400 to 600° F. and to keep the 
we'd in this temperature range until welding is com- 
pleted Welding the chrome-molybdenum steels with 
25 chrome—20 nickel is much faster and simpler as heat 
treatment can be eliminated. During the war, in order 
to save time and manpower, the practice of welding the 
chrome-molybdenum steels with austenitic rods became 
increasingly common. There are now many such welds 
that have given complete satisfaction in both new con- 
struction and in salvaged still tubes. 

The ferritic steels should not always be welded with 
austenitic rods. Where welds in high temperature 
service will be exposed to frequent shut downs or to 
severe cyclic changes in temperature, the ferritic steels 
should be welded with ferritic rods, so as to eliminate 
the thermal stresses that otherwise develop from using 
a weld metal with a significant difference in coefficient 
of thermal expansion from that of the base metal. 

A large installation of process equipment was made 


with 27° chrome tubing assembled with thousands of 


welds. The service was such that it was considered 
desirable to make the welds as strong as possible. The 
first beads which would come in contact with the fluid 
being processed were made with 27-chrome 4-nickel rods 
and the welds were completed with 25-chrome 20-nickel. 
Most of the equipment was subjected to sudden tem- 


perature changes twice an hour between approximately 
950 and 1350° F. 


The balance of the equipment 
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Fig. 12 Crack in 12-chrome tube at edge of 25 Cr-20 

Ni weld. Such cracks develop when ferritic steels are 

welded with austenitic rods and subjected to frequent 
changes in temperature 


operated uniformly at similar temperatures. Within 
a short time after being put into service, cracks started 
to develop in the 27-chrome steel at the edges of the 
25 chrome-20 nickel welds that were in the cyclic 
temperature service. These cracks were attributed to 
the stresses set up as a result of the differences in- 
coefficient of expansion between 27-chrome and 25- 
chrome 20-nickel steels. This interpretation was con- 
firmed when the size of the plant was increased and the 
25 chrome-20 nickel welds were replaced in the new 
equipment with 7-chrome-molybdenum welds. In 
the latter installation cracks never developed at the 
edges of the welds even though the 27-chrome steel 
became very brittle in service. Similar cracks (see 
Fig. 12) developed in 12-chrome (Type 405. steel) 
headers welded with 25 chrome—20 nickel and subjected 
to approximately the same temperature changes. 
Simple butt welds made with 25-20 in ferritic steels do 
not develop cracks unless subjected to very severe 
Cracks are more likely to form 
probably because a change 


temperature changes. 
at the edges of fillet welds; 
in section is usually associated with fillet welds and 
the thermal stresses are liable to be higher. If operat- 
ing temperatures are uniform, cracks do not develop 
at the edge of fillet welds; but, if the equipment is 
subject to frequent shutdowns or cyclic changes in 
temperature, cracks will probably develop, especially 
where fillet welds are at large changes in section. The 
cracks are not due to welding. When cracks have 
been found in air hardening steels at the edge of aus- 
tenitic welds after being exposed to cyclic temperature 
changes, it has been found that the cracks do not 
necessarily follow the heat-affected zone. This is 
illustrated in Fig. 13 which shows the cross section 
of a reinforcement pad attached to a 5-chrome-molyb- 
denum pipe with a 25-20 weld. Instead of following 
the heat affected zone, the cracks extended across the 
wall of the pipe. 

The difference in the thermal coefficients of expansion 
between ferritic and austentic steels is important when 
it is necessary to weld these two types of steel together 


and use them in high temperature service. As shown 
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A-3719 
Fig. 13 Cracks in 5 Cr-Mo pipe at the edge of a 25Cr-20Ni 
fillet weld used to attach a reinforcement pad. The piping 
was subjected to severe changes in temperature periodic- 
ally, and failure developed because of thermal stresses 
resulting from changes in section and the difference in 
coefficient of expansion between the ferritic and autenitic 
metals. It should be noted that the cracks did not follow 

the heat-affected zone 


in the preceding paragraph, failures can be expected if 
the equipment is exposed to changes in temperature. 

Another point that should be considered in welding 
ferritic steels with austenitic rods is that the austenitic 
weld metal has a lower melting point than the ferritic 
steels. When using small diameter austenitic rods and 
depositing small beads in an effort to reduce the welding 
stresses, there is danger of not obtaining fusion with the 
higher melting point ferritic steel being welded. 
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OBSERVATIONS CONCERNING HIGH 
TEMPERATURE SERVICE 


The expansion and contraction that takes place upon 
heating and cooling must be carefully considered in high 
temperature service. When it is necessary to use the 
austenitic steels, the effects of expansion and contrac- 
tion are especially important, as the austenitic steels 
have a coefficient of thermal expansion almost one and 
a half times that of the ferritice steels, and, unless ade- 
quate provision is made, very high stresses will develop. 
Such stresses are likely to be concentrated at fillets, 
welds or notches. 


This stress concentration is espe- 
cially serious because the austenitic steels are sub- 
ject to stress cracking. Designs and assemblies are 
such that any stress concentration usually occurs at or 
adjacent to welds and the failures are often mistakenly 
attributed to welding. Figure 14 shows a failure 
at the edge of a weld between a butt-welding flange 
and a tube, all materials being 18-8-Cb. Cracks 
developed at the outside surface and failure took place 
after the equipment had been in service only 10 weeks 
and had been shut down and allowed to cool only a few 
times. Adequate provision had not been made for the 
expansion and contraction of the austenitic steel piping 
which operated at approximately 1200° F., and high 
bending stresses developed where it was flanged to a 
heat exchanger assembly. By setting the light heat 
exchangers on rollers so that they could be moved when 
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the units were heated or cooled, the high stresses were 
eliminated and additional failures did not occur in 
approximately the seven years that the equipment 
remained in service. At other locations where ade- 
quate provision could not readily be made for ex- 
pansion and contraction, it has been necessary to 
unbolt certain flange connections when the equipment 
is shut down and allowed to cool. Numerous failures 
take place because the effects of expansion and con- 
traction have not been adequately considered. An- 
other example is the failure of a steam superheater. 
The 18-8 tubes were supported by 18-8 straps. The 
tubes were tack welded to these straps and the re- 
striction to free movement of the hot tubes was suf- 
ficient to cause stress cracking at the tack welds. 
By removing the tack welds so that the tubes could 
expand and contract freely, additional failures were 
eliminated. 

Stress concentration is often aggravated in austenitic 
steels by the cracks caused by intergranular oxidation, 
which seems to progress most rapidly at the areas of 
high stress. Intergranular oxidation was found to have 
taken place in the highly stressed areas on the outside 
surface adjacent to the weld between the 18-8-Cb butt- 
welding flange and tube illustrated in Fig. 14. 

The austenitic steels are hot short; that is, they show 
very little ductility at elevated temperatures. This 
characteristic is recognized by those who must hot roll 
and form these steels, but is not recognized by many 
fabricators and users. Simply because the austenitic 
steels have high tensile and creep strengths at elevated 
temperatures, it is often assumed that they are less 
likely to fail. This is not necessarily the case. Where 
deformation is likely to occur in the hot short range of 
approximately 11090 to 1800° F., failures will develop 
very quickly. Such a failure is illustrated in Fig. 15 


Fig. 14 Fracture at edge of weld between 

18-8-Cb flange and tube, and caused by 

failure to make adequate provision, for 
expansion and contraction 
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Fig. 15 Detail of cracks in a 25-20 tube that was heated 
locally and bent while hot 


which shows cracks in a 25-20 tube that was heated 
locally with a torch and bent while hot. 
of this crack at 50 diam. magnification is shown in Fig 
16. The intergranular path of the crack is apparent and 
it should be noted that additional cracks have opened 
up along the grain boundaries of adjacent grains. Such 


A cross section 


microscopic intergranular cracks can be present without 
being detected at the surface by a simple visual exami- 
nation. It is quite evident that a material subject to 
the formation of such cracks will fail when it is de- 
formed in the hot short temperature range. 

Austenitic weld metal, especially 25 chrome—20 
nickel, is prone to crater crack and form microscopic 
fissures. This became quite evident in the services in 
which carbon formed and opened up minute defects 
and where carburization Many of the 
cracks were so small that they were not detected by 


occurred. 


j 


Fig. 16 Cross section of crack shown in Fig. 14. X 50 


Fepruary 1949 Holmberg 


Alloy Steels for High Temperature 147 


Visual examination, but where carbon formed, these 
small defects were opened up. This is illustrated in 
Fig. 5. Carburization also outlined cracks. Varia- 
tions in the amount of carburization at cracks showed 
that some were present in the welds when put into 
service and that others formed in service. The type 
of cracks referred to are illustrated in Figure 17. 
The cracks formed during welding appear to be due to 
the development of high shrinkage stresses while the 
metal is in the hot short range. Another contributing 
cause is probably the effect of impurities that segregate 
at grain boundaries and weaken them at elevated tem- 
peratures. Any deformation while the welds are in 
the hot short range causes any cracks present to 
progress and will even open up new cracks. Micro 
fissuring is still a serious problem in austenitic welds 
and should be studied by the manufacturers of weld 
rods and others concerned with the welding of aus- 
tenitic materials. 


25 X Oxalic acid etch. E-1176 
Fig. 17 Micro fissures in 25Cr-20Ni weld. Carburization 


at some of the cracks should be noted 


The effects of expansion and contraction, stress con- 
centration, hot shortness, creep and creep rupture are 


important in high temperature service, but are much 
more important where cyclic temperature conditions 
exist. Where high temperatures are constant, creep 
may gradually reduce stress concentration, and cracks 


caused by hot shortness may not become apparent ex- 


cept after numerous shutdowns and may not become 
serious for years. Cyclic conditions, on the other 
hand, may subject the equipment to sufficient changes 
in stress to cause failure within a very short time. 
Failures that result from cyclic exposure to high and 
low temperatures are frequently referred to as “thermal 


fatigue failures.”” If the alternate stresses, associated 

with heating and cooling, occur while the material is in 

the hot short range, failures will develop quickly. 
Thermal conductivity becomes an important factor 


where equipment is subject to very great and sudden 
changes in temperature. Poor thermal conductivity 
san result in great differences in temperature between 
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Fig. 18 No Cracks that developed at inside surface of an 
18 Cr-12 flange after 10 days’ service where the bore of the 
flange was subjected to sudden exposure to hot fluids 


‘two surfaces or parts of a structure with the consequent 
development of high stresses. Welds have frequently 
been torn apart by such stresses. This phenomenon 
can perhaps be illustrated best by the cracks which 
developed in the bore of the austenitic (18 Cr-12 Ni) 
flange shown in Fig. 18. During one part of the cycle 
of the process in which this flange was used, the fluid 
passing through the flange was at a temperature of 
1000° F. At the end of an eight-hour period a valve 
would close and the piping would cool to approximately 
300° F. in about three hours. Approximately five hours 
later the valve would open quickly and the bore of the 
flange would again be exposed instantly to the 1000° F. 
fluid. The inside surface of the flange immediately 
beeame hot and would expand, but was restrained by 
most of the metal in the flange which was still relatively 
cool, with the result that the bore was, in effect, upset. 
As the entire flange became hot and expanded, the inside 
surface which was upset was put into tension and sur- 


face cracks developed. It should be noted that the 
inside surface was in tension while it was hot and in its 
weakest condition. High stresses develop upon the 
sudden application of heat to a structure because of the 
differences in temperatures between adjacent parts. 
Failures that result from the sudden application of 
heat or from quenching are often referred to as thermal 
shock failures. 

The above 18 chrome-12 nickel flange which failed 
in only 10 days was bolted to a 5-chrome-molybdenum 
flange. Cracks did not develop in the lower strength 
ferritic steel. The reason for this was that lower stres- 
ses developed in the ferritic steel because of its higher 
thermal conductivity and lower coefficient of expansion. 
It has been observed repeatedly where massive or 
heavy sections are exposed to sudden applications of 
heat that the austenitic steels are subject to failure more 
quickly than the ferritic steels. The low thermal con- 
ductivity of the austenitie steel results in greater dif- 
ferences in temperature which in turn develops high 
stresses, and the stresses are further increased by the 
greater coefficient of expansion. The above 18 Cr- 
12-Ni flange was replaced with one made from 9- 
chrome-molybdenum steel, and it and the 5-chrome- 
molybdenum flange have given satisfactory service. 
Even though the ferritic steels are less likely to fail 
than the austenitic steels, when subjected to thermal 
shock, the ferritic steels will also fail if sufficiently great 
differences in temperature are developed. This is 
likely to occur at massive sections such as large flanges. 

There are many problems associated with the use of 
alloys and welding for high temperature service. The 
processes in which the equipment is used often impose 
limitations with respect to design. The most important 
considerations, however, are the properties of the ma- 
terial and the change in properties between normal and 
elevated temperatures. Expansion and contraction 
resulting from heating and cooling must be taken into 
consideration in the original design. This is especially 
true of the austenitic steels which have high coefficients 
of expansion. Any deformation in the hot short range 
of materials, either during fabrication or in service, 
must be avoided. When equipment is exposed to fre- 
quent or sudden changes in temperature, failures are 
more likely to oecur. Under such conditions the ther- 
mal conductivity and coefficient of thermal expansion 
must be carefully considered, especially where metals 
varying appreciably in these properties are used to- 
gether, where sections of different thicknesses are 
assembled, and where very thick sections are involved. 
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Materials Joined by Yew Cold Welding Process 


num and copper, are possible 


by A. B. Sowter 


METHOD enabling metals to be welded at room 
temperature, called cold pressure welding, has 
recently been developed at the Research Labora- 
tories of The General Electrie Co., Ltd., England. 

The process is at present most suited to aluminum and 
its alloys and copper, aluhough other metals can be cold 
welded. No heat need be applied in order to bring 
about a weld. Ductile metals are made to flow at room 
temperature by the application of sufficient pressure. 
By using a suitable arrangement of work pieces and 
dies, this pressure also brings the work surfaces into 
contact so that a genuine weld is made. 

As stated, the most satisfactory applications of cold 
welding are with aluminum, aluminum alloys and 
copper. Other nonferrous metals are not likely to be 
welded by this method except in cases where strength 
is not important. However, some materials of different 
hardnesses can be joined. Thus, copper and nickel have 
been cold welded successfully to aluminum. 

In welding aluminum alloys, not more than 3°; of 
manganese or silicon can be tolerated if a satisfactory 
weld is to be made. Heat-treatable alloys, such as 
Duralumin, can be used in the soft condition and then 
allowed to harden in the usual way. Work hardening 
has the effect of improving the strength of the welded 
metal. Half-hard commercially pure aluminum, for 
example, reaches an ultimate tensile strength of 22,000 
psi., or about twice its original strength. 

The strength of any joint made by cold welding de- 
pends upon its shape. The least satisfactory design is a 
single straight joint where the stress is perpendicular to 
the length of the weld. Here the material is weakest 
immediately around the weld area, i.e., where the final 
thickness shared by the two pieces is about '/, of the 
original total thickness. Sinee, however, the material 
has now work-hardened and is twice as strong as it was 
originally, the welded piece is now half as strong as the 


A. B. Sowter (Research Laboratories, of The General Electric Co., Ltd., 
Engiand. 
This article is reprinted from the November 1948 issue of Materials and 
Methods. 
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® Strong welds in a number of nonferrous materials, particularly alumi- 
with this simple cold welding method 


original single piece. By a carefully designed layout of 
welds in relation to stress, it is generally possible to 
arrangethe joint without sacrificing any tensile strength. 
The top left-hand corner of Fig. 1 shows a tensile test 
specimen made up in 20 s.w.g. half-hard commercially 
pure aluminum where the weld is placed with its length 
parallel to the strip. Tensile failure occurred at 110-Lb. 
load, by the pulling out of the weld area from one 
piece. 

Strip joints and wire joints made by cold pressure 
welding have been tested for conductivity. A well pro- 
portioned joint in aluminum has a lower electrical re- 
sistance than an equivalent section of the unjointed 


material. 


SURFACE PREPARATION 


There are two important factors in the formation of a 
satisfactory weld. One of these is preparation of the 
surface, and the other is proper design of tools. 

It is essential that the two surfaces, brought into con- 
tact between the dies, are entirely uncontaminated. 
Where aluminum is the metal to be welded, the oxide 
film covering the surface must be removed. It has been 
found that though this film is thin by ordinary standards 
its presence is quite sufficient to prevent welding. The 
problem of how to clean it away by a treatment that 
does not leave behind any of the debris arising from its 
removal formed a substantial part of the development 
work. 

Chemical cleaning methods are unsuitable since they 
inevitably necessitate a washing of the surface in order 
to remove solvents. Reaction with the washing water 
would then immediately reform the protective layer, 
whose removal was being attempted. Cleaning methods 
such as filing and treatment with abrasives have proved 
unsuccessful, the first because some of the material 
which is removed is invariably re-embedded in the sur- 
face by later working, and the latter because, in addi- 
tion, it leaves behind particles of the abrasive. 

The method which is now adopted is to treat the sur- 
face with a power-driven rotary scratch-brush. A steel 
wire brush, running at a surface speed of about 3000 ft. 


149 


= 


_ seize onto the metal surface beneath. 


Fig. 1 Test specimens of aluminum welds made by the cold welding process 


per minute, has been most commonly employed. The 
surface of the work must be held against the seratch- 
brush long enough to make the drag felt; this occurs 
when the steel wires break through the oxide film and 
Small particles 
of the body metal and its coating of oxide are torn out 
and flung clear because of the high speed at which the 
wires are traveling. The hardness and gauge of the steel 
wire must be related to the dimensions of the work being 
treated, since it is obviously undesirable to weaken the 
structure by the removal of more metal than is abso- 


‘lutely essential for cleaning. 


The surface of aluminum oxidizes im- 
mediately on exposure to the atmos- 
phere, but days elapse before 
the film reaches its final thickness. Once 
this relatively thick coating is removed and 
the metal is exposed, advantage must be 
taken of the time required for it to reform 
by welding immediately after cleaning. 
Satisfactory welds can be made several 
hours after the seratch-brushing process 


some 


has been applied, provided that the cleaned 
surface has not meanwhile been contami- 
Even the 
contamination conveyed by handling will 
invariably prevent a weld from forming. 


nated by moisture or grease. 


DESIGN OF TOOLS 


For successful cold welding the pressure 
must be applied over a comparatively 
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narrow strip, so that the metal can flow away from 
the weld at both sides. This is achieved by apply- 
ing the pressure between specially designed dies, 
and this imposes slight restrictions on the more 
complicated forms which these welds can take. The 
undesirable curvature resulting from a radial flow 
of metal can be seen in Fig. 2, which shows the results 
obtained with circular dies. When these welds were 
first attempted in the center of the strips, radial flow 
occurred and no welding took place. Identical circular 
indentations were then applied to the side of the strips 
and satisfactory welds resulted owing to the unidirec- 


Fig. 2 Undesirable curvature results from a radial flow of metal such as 


results from circular dies 
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tional flow produced. Ring welds and other closed 
forms can, however, be made successfully, provided that 
there is sufficient free area within the weld to accom- 
modate the excess of metal without undue buckling. 


Figure of Merit of Materials That Can Be Cold Welded 


Material Figure of Merit 
Super-Pure Aluminum 40 
Commercially Pure Aluminum About 30 
DTD 346 (51S) 29 
BA 60A (38) (1'/,% Mn) 20 
Duralumin 20 
Cadmium 16 
Lead 16 
Copper 14 
Nickel 11 
Zine 
Silver 6 


The material used for making dies for commercially 
pure aluminum is usually mild steel, while on un- 
hardened chromium-manganese tool steel is also satis- 
factory. These materials give no trouble with pickup of 
aluminum, a slight surface contamination, resembling a 
thin plating, being the only evidence of pickup occur- 
ring. It is possible that pickup may be troublesome if 
an unsuitable steel is used for welding rollers. A de- 
tailed list of such unsuitable materials cannot yet be 
given, but the present practice is to avoid tungsten and 
molybdenum steels. Where suitable die materials have 
been used, there is very little evidence of die wear. In 
many applications, however, it will be possible to 
counteract the effects of such wear by an occasional re- 
setting of the die closure. 

The pressures required for cold welding are only 
slightly above the flow of aluminum, in the region of 
24,000 to 36,000 psi. That required for copper is from 
two to four times this value. The rate of application of 
the pressure does not appear to affect the strength of the 
final weld. Good welds cin be made with tools giving 
either a slow squeeze or an impact. 

As already seen, the shape 
of the tool is important. 
Where a rectangular form is 
used, the size of the rectangle 
depends on the gauge of the 

Where 
working 


sheet being worked. 
symmetrical tools, 
from both sides of the weld, 
are used, W, the length of 
the rectangle, is made equal 
to the gauge thickness, t;  L, 
the length of the rectangle, 
must not be less than 5é. 
Where it is desirable to keep 
one face free of indentation, 
a single tool is used in con- 
junction with a flat plate or 
anvil. In this case, W is in- 
creased to 

When cold welding materi- 
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als of different hardness, in order to share the final 
thickness equally between the two materials, the width 
of the welding tool must be adjusted according to the 
hardness ratio. Thus, W for a tool in contact with 
aluminum against copper is increased to 2¢, since the 
hardness ratio of copper to aluminum is approxi- 
mately 2:1 in the annealed condition. 

The final gap between the tools, or between the tool 
and the anvil, may either be set by a stop which limits 
the closure of the press or by a shoulder on the tool. It 
is more advantageous to use the shouldered tool, since 
it restores the distortion produced by the actual welding 
process. Both plain and shouldered tools can be used 
for impact welding. The former, with a closely con- 
trolled blow such as that given by an automatic center 
punch, is used for weltting gauge thicknesses of the order 
of 0.012 in. The latter, using a specially shaped punch 
and a hammer, can be employed for thickness of the 
order of 0.036 in. 

The gap between the teols, or the tool and the anvil, 
is limited in order to prevent further penetration after 
the welding point has been reached. The minimum 
reduction in thickness required to ensure a satisfactory 
weld varies from metal to metal. The “figure of merit” 
used to classify metals, as regards their suitability for 
the process, is given by the ratio: 

Thickness of weld 
Twice thickness of original material (7) 

The correct gap for the tool is therefore given by the 
“figure of merit,” values of which are given in the 
accompanying table. For example, since the value for 
commercially pure aluminum is 30, the gap should be 
set at 30/100 X T, where T is the double thickness. 


APPLICATIONS OF THE PROCESS 


This cold welding process has already been used with 
success in a number of different applications. An ex- 


ample of a straight weld is shown in Fig. 3. This can be 


Fig. 3 Here is a straight weld which is used in commercial applications, together with 


the dies used 
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Fig. 4 Cold welded tube is trimmed to remove the metal flange formed by metal flow 


ised for box seams, for sealing tube ends, and for other 
forms of capped joint which are almost equivalent to 
butt welds. The ring weld already described can be 
used for joining a flanged tube to a plate for making 
hose connections, or two dises can be joined together 
to make an air pressure cell. The most important appli- 
cation of the continuous seamweld is for tubemaking. 
A machine has been constructed at the Research Labora- 
tories of The General Electrie Co., Ltd., in which the 
process of preforming, scrateh-brushing, final forming, 


welding and trimming is carried out continuously and 
automatically. In addition a roller welding machine 
can be used to seal the edges of a folded section following 
a complicated outline. The free edges of a box-shaped 
section may also be seamed by rolling in such a machine. 

Much interest in this process of cold welding has al- 
ready been shown. Its many applications are obvious, 
and it offers a promising new joining method to those 
engaged on large-scale production, as well as to those in 
small workshops. 
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by K. B. Young, H. J. Nichols and 
M. J. Nolan 


Abstract 


The use of hard-surfacing alloys of the A.W.S. Group III 
(Co-Cr-W) type, primarily to combat corrosion, is fairly com- 
mon. In such applications the factor of resistance to wear is 
usually of secondary importance. This paper reports on an 
examination of hard-surfaced cast-steel propeller blades after 
Severe 


Surface check- 


service in salt water in both warm and cold climates 
boundary line galvanic corrosion was detected with more a 
vanced attack on the astern faces of the blades 
ing of the surfacing alloy had allowed salt water to penetrate 
to the steel base with consequent subsurface galvanic corrosion, 
notably at the junction line between two deposits of the alloy 
which had been deposited at different times and by different 
methods 


INTRODUCTION 
ANGANESE bronze ship propeller blades for salt 


water service have long been standard equipment 


for naval and commercial craft. In peacetime 


there is a continuous search for cheaper, stronger 
and/or more durable materials for this application. In 
wartime, the huge shipbuilding programs far outstripped 
the capacity of suppliers of the manganese bronze 
propellers, and cast-steel blades were used on a variety 
of ships entering into widely varying types of service. 
In at least one case, the cast-steel propeller blades were 
surfaced with A.W.S. Group III (Co-Cr-W) type hard- 
surfacing alloys in an attempt to enhance service life by 
preventing, or at least retarding, cavitation. The 
authors recently were afforded an opportunity to ex- 
amine blades so treated after fairly extensive service in 
both warm and cold sea water. The results of this 
examination are presented herein. 

The vessel on which the coated steel blades were 
installed is a twin screw cable ship operating in the 
North Atlantic and in the West Indies. The ship 
averaged an estimated 40°, of time at the cable grounds. 


. B. Young, H. J. Nichols and M. J. Nolan are Metallurgical Engineers 


and Metallurgy, Bureau of Mines, Ottawa, Canada 


This paper is published by permission of the Director, Mines, Forests and 
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ard Surfacing of Cast-Steel Propeller Blades 


® This paper deals with examination of hard-surfaced cast-steel pro- 
peller blades after service in salt water in both warm and cold climates 


K 
Physical Metallurgy Research Laboratories, Division of Mineral Dressing 


In operation, the vessel often tows a grapple with sev- 
eral miles of cable out. In this type of work high slip 
ratios are encountered and these conditions favor cavi- 
tation of propeller blades. 

In June 1938, seven of a new set of eight blades were 
hard surfaced with a Group IIT type alloy. This work 
was preceded by grinding of the new blade surfaces. 
A total of 35 sq. ft. was covered, using the atomic hydro- 
gen method, at a cost of $822.50. A single layer tech- 
nique was used, followed by light grinding to a smooth 
finish. In September 1938, these blades, together with 
a single unsurfaced blade, were put into service. 

In December 1941, the set was removed and the 
pitting attack at the alloy-steel junction was repaired 
by depositing another layer of the same surfacing alloy 
further along the length of the blade and fusing into the 
original deposit. In this case, the oxyacetylene method 
was used. No cost figures are available, although it was 
stated to be more expensive than the first application. 
At the same time the blade which orginally had not 
been surfaced was now coated with so-called “lead 
wipe” (a tin-lead-antimony composition). In April 
1944, the entire set of blades was again put into service 


on the same vessel. 
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Fig. 1 Sketch showing location of samples and ‘‘alloy”’ 
coating 
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Fig. 2 Forward face, 
After 70 months of serv of t 1 surface 
condition op the forward & 


In November 1946, two blades were damaged and 
removed from service. One was an alloy-surfaced blade 
and the other the originally uncoated blade. In all, up 
to the time of this accident, their service life had been 
55 mo. These two blades were replaced by two more, 
coated with lead wipe, and the service tests were re- 
suined. In February 1948, the vessel was docked for a 
routine overhaul and at that time all blades were ex- 
amined and photographed. In addition, the two dam- 
aged blades removed in November 1946 were subjected 
to a visual examination and the alloy-coated blade to 


metallurgical examination. 


GENERAL EXAMINATION 
(A) Alloy-Coated Blades 


The junction line between the two deposits of the 


Fig. 3 After face, alloy-coated blade—damaged and re- 

ae moved, November, 1946 

After 55 months of service. of surface condi- 
blades. 


tien of after faces of all alloy-coated Arrows indicate junction 
between twe alloy ange and b y attack in the «teel 
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starboard 


Fig. 4 After face, No. 4 starboard blade—alloy-coated 


Note attack at junction of alloy coatings 
surfacing alloy was clearly visible. Figure 1 shows the 
location of the coatings and also the location of the 
samples removed from the coated blade which was 
damaged and removed in November 1946. These 
samples were used for the metallurgical examination 
reported below. 

All blades revealed pitting of the uncoated steel ad- 
jacent to the boundary of the second alloy ceating. The 
pitting had occurred in a band 3-4 in. wide with areas 
of advanced attack within this band. In the worst con- 
dition, the depth of pitting was to 
wide area adjacent to the alloy but rapidly diminishing 
to '/s in. over the remainder of the band. In general, 
the forward faces of the blades showed a more shallow 
attack. 
ward face of the blade, and Fig. 3 is typical of the con- 
dition of the after faces. 

Several alloy-coated blades evidenced severe localized 


sin. over a 1 in. 


Figure 2 is representative of the general for- 


pitting in the alloy at the junction of the first and second 
coatings. Typical areas showing this attack are shown 
in Figs. 4and 5. On the blades exhibiting this condition 
there was no evidence of a similar attack on the reverse 
face. It was noted that this form of attack was not 


ar 


Fig.5 After face, No. 4 port blade—alloy-coated 
After 70 months of service. Arrows indicate junction cavity 
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Fig.6 After face, original uncoated blade—damaged and 
removed, November 1946 


Twenty-four months of service uncoated; 31 months of service 
coated with lead wipe 


detectable on the alloy-coated blade damaged and re- 
moved in December 1946. It was stated that the blades 
which were not removed at that docking did not show 
at that time any sign of such attack. At the time of the 
examination being reported, four blades showed this 
condition on the after faces and two on the forward 
faces. Only one alloy-ciated blade was entirely unaf- 
fected by this form of attack. 

In general, the leading and trailing edges of all blades 
were in good condition. Where the “boundary” attack 
terminated at the edges at both faces, there was a re- 
duction of '/, to '/> in. in the edge contour for a distance 
of 3 to 4 in. from the end of the coating. This effect was 
more pronounced on the trailing edge of the blade. 

In addition to the advanced attack noted above, all 
of the alloy coatings revealed the following: (1) slight 
porosity at the junction line between the first and 
second alloy deposits; (2) fine, discontinuous hairline 
cracks; (3) slight undermining of the second alloy de- 


Fig. 7 Forward face, original uncoated blade—damaged 
and removed, November 1946 


Twenty-four months of service uncoated; 31 months of service 
coated with lead wipe 


Feprvuary 1949 


Fig. 8 Boundary between second alloy coating and un- 
coated steel, after face 


Note pitted boundary attack. One-half actual size 


posit at the boundary between it and the uncoated steel. 
The hairline cracks showed no preferred orientation and 
occurred in both alloy deposits on both faces and all 
edges. 

With the exception of the above, the alloy coatings 
appeared to be relatively unaffected and are considered 
comparable to manganese bronze blades in similar serv- 
ice with regard to surface appearance. The uncoated 
areas of all blades exhibited uniform, shallow, general 
corrosion. 


(B) Lead Wiped Blades 


As described above, one blade was stated to have been 
24 months in service uncoated, followed by 31 months in 
service after coating in England. When examined after 


this period of service, no trace of lead wipe could be 


found and severe pitting on both faces of the blade tip 
was noted. As shown in Figs. 6 and 7, the severity of 
attack was slightly greater on the after face. In addi- 
tion the trailing edge for two-thirds of its length showed 
greater attack than the leading edge. 

Two blades were examined after 15 months of service. 
These blades were coated with a lead wipe by an East 


Fig.9 Junction of first and second alloy coatings at trail- 
ing edge, after face 
Note porosity and fine cracks indicated by arrows. One-third actuad 
size 
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Coast concern. This lead wipe was of a different com- 
position (Sn-Pb-Sb-Cu) than that previously referred 
to and these blades had seen service only with this 
coating. In this case the lead wipe coating was similar 
in area covered and thickness to that of the alloy-coated 
blades. A few isolated pits were visible on both faces. 
Both blades were in good condition and showed only 
the above-noted evidence of preferential attack. 


METALLURGICAL EXAMINATION 


The samples from the alloy-coated blade were sub- 
jected to a metallurgical examination. (The location of 
these samples is shown in Fig. 1.) Figures 8 and 9 show 
the surface conditions previously described. Chemical 
analysis of the cast-steel propeller base material, and 
spectrographie analysis of the two alloy coatings, 
yielded the data shown in Tables 1 and 2. 


Table 1—Chemical Analysis, Cast-Steel Propeller Blade 
Carbon, % 0.29 
Phosphorus, % 


0.032 
Sulphur, %... 0.040 


Manganese, % 0 70 
Silicon, % 0 30 


First alloy coating Second alloy coating 


Fig. 11 Junction between the two coatings (arrow), 
trailing edge 


After face at top. 60% actual size 


Table 3 
0.05-0.11 
0.12-0.17 
0. 18-0 .20 


First coating, in. 
Second coating, in. 
Blade edges, in.. 


atomic hydrogen alloy deposit and the steel base, a 
similar area of the oxyacetylene deposit and typical 
intererystalline cracks of the alloy deposits. 

Hardness readings were obtained on cross-sectional 
samples of both coatings, using a Rockwell Hardness 
Tester and a 150-kg. load. The hardness figures ob- 
tained are shown in Table 4. 


Table 2—Spectrographic Analysis of Alloy Coatings 
First Second 
coating coating 

Co Co 

Cr W Cr, W 

Fe, Ni Si, Fe, Al, Ni 

P, Mn, Si, V, Mo, Cu P, Mn, V, Cu 


Major constituents 
Minor constituents 
Strong traces 
Residuals 


Forward face 
After face 


Fig. 10 Section near blade tip 


Note various stages of galvanic attack at the roots of cracks in coat- 
ings. Actual size 


Sections from samples 2, 3 and 5 were etched in 50% 


HCl for 30 min. at 180° F. Figures 10-12 show these 
sections after etching. Coating thicknesses were meas- 
ured and found to fall within the ranges shown in 
Table 3. 

Representative samples were cut, mounted, polished, 
etched and examined under the microscope. Figures 
13-15 show, respectively, the junction line between the 
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Table 4 


First coating, Rockwell “C"’. 
Second coating, Rockwell “C” 


DISCUSSION 

Microscopic examination, spectrographic analysis 
and hardness tests confirm the use of a Group III type 
hard-surfacing alloy. The differences in microstructure 
and hardnesses between the two deposits were noted. 
It is believed that these differences can be attributed to 
the different methods of deposition. The atomic hydro- 
gen process, used in applying the first coating, is charac- 
terized by (1) a high maximum temperature at the 
outer edge of the arc fan, with, in this instance, fast 
cooling rates; (2) carbon burn-off. These characéeris- 
tics would explain the finer eutectic and lower hardness 
of the atomic hydrogen deposit. These noted differ- 
ences are not believed to be significant in this particular 
application and this view is supported by the uniform 
corrosion resistance of both deposits. 


Fig. 12. Boundary of second alloy coating, center of blade 


After face at top. Arrows indicate limits of galvanic corrosion. One- 
half actual size 
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Alley coating 


Steel base 


Fig. 13) Junction between atomic hydrogen alloy deposit 
and steel 


Note intergranular crack in alloy at right and decarburized area in 
the steel. Murakami’s etch. 100 


Since no sacrificial zine or aluminum plates were used 
during the test period, galvanic corrosion is considered 
to be the basie cause of the attacks noted. Cavitation 
is possible also, in view of the service conditions, as a 
contributing factor aggravating the condition at the 
alloy boundary on the after faces of the blades. The 
fine cracks in the alloy coatings, which have permitted 
subsurface galvanic corrosion, are characteristic of the 
coatings produced by some Group III alloys where 
insufficient preheat has been used before deposition. 
In many industrial applications checking of this type is 
immaterial but in this case it could be serious. The 
notches so produced may spread in service under the 
conditions of pulsating stresses and lead to complete 
failure or spalling-off of the alloy coating. 

Corrosion at the junction line between the two alloy 
coatings was noted. The porosity and cracking en- 
countered when some Group III type alley deposits are 
re-melted is difficult to avoid, even by skilled operators 
Detection of such defects at the junction line is, there- 
fore, not surprising. The corrosion at this area is 
believed to be due to penetration of salt, water through 
these defects to the steel base with consequent galvanic 
corrosion. For this reason, single applications of alloys 
are advisable. In the absence of such junction line 
attack, the service life of coated blades would be deter- 
mined by the degree of galvanic corrosion occurring at 
the alloy-steel boundary. Due to the relative positions 
of such surfacing alloys and steel in the galvanic series, 
this type of corrosion will occur regardless of the dis- 
tance the alloy is extended down the blade. This as- 
sumes the absence of sacrificial zine or aluminum plates 
which ordinarily retard such corrosion. The results 
obtainable with alloy-coated blades in combination 
with sacrificial plates at the termination of the coating 
make for interesting speculation, but. no data for such a 
service test are currently available. 
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Alloy coating 


Steel base 


Fig. 14 Junction line between oxyacetylene deposit and 
stee 
Compare with Fig. 13. Note relatively smaller area of decarburiza- 
ion in steel but evidence of greater heat input in base material. Mura- 
kami’s etch. 00 


The coating of the cast-steel blades with Group ITI 
type alloy has apparently extended the service life of 
the blades over that of uncoated blades. While the 
alloy-coated blades are still in service, their life expec- 
tancy at the time of the visual examination (February 
1948) is not considered to be great. 

The condition of the two blades coated with lead 
Wipe is, after 15 months of service, sufficiently good to 
arouse considerable interest in what their condition 
would be after service life equal to those of the alloy- 
coated blades. Until such an examination is completed 
it is idle to speculate on the relative merits of the two 


coatings 


Fig. 15 Intercrystalline cracks filled with corrosion prod- 
ucts in first alloy deposit 


Murakami’s etch. X 500 
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How to Design Wheels 


YTEEL is generally three times stronger and two and 
a half times stiffer than gray iron. As a result, 
\ machinery component parts made with welded 
steel construction can have thinner wall sections 
and thus less material weight. Welded design permits 
different steels to be used on any part which, when heat 
treated, provide all necessary strength, hardness and 
bearing qualities. In many cases, component parts for 
a weldment can be reugh machined before welding, 
leaving only light finishing cuts to be taken later. 
Typical of stronger, lighter machinery construction 


This article is published through the courtesy of the Lincoln Electric Co., 
Cleveland, Ohio. 


§ Thought starters on welded design 


possible at low cost with welded steel design is the 
fabrication of wheels. Built in several different ways 
depending upon the quantity to be made and the type 
of shop equipment available for fabrication, wheels are 
basically designed around three elements—the hub, 
web and rim. 

The Hub is often made by fillet welding one or more 
bosses to the web as shown in Fig. 2. Normally made 
from bar stock, the bosses are prechamfered, allowing 
deeper weld penetration and greater strength. On 
larger sizes, these bosses can be flame cut from steel 
plate. Another construction often used is an integral 
hub turned from bar stock or tubing as a simple lathe 


5 Examples of different wheels now being weld-built at lower cost for all types of machinery 

wo \ HUB ) 7 
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operation (Fig. 3) and fillet welded to the web. To re- 
sist heavy side thrust, stiffeners cut from steel plate are 
fillet welded to hub and web. 

The Web. Several designs are considered, depending 
on the load to be carried and the restrictions in weight. 
Simplest construction is a solid disk cut or blanked from 
plate. To reduce weight, holes are cut out of the web 
(Fig. 4). Similarly, triangular shapes can be flame cut 
from the disk with resulting shape simulating spoke- 
type construction (Fig. 5). Additional side bracing is 
secured with stiffeners. Stiffeners permit thinner web 


formed and welded to the rim. If added hub bearing is 
needed, a boss is welded to both straps. 

The Rim. In many cases the web is thick enough that 
its outer diameter can serve also as the wheel rim. An 
example of this is the canventional gear blank or 
sprocket shown in Fig. 7, having gear teeth cut on the 
outside diameter. 

To secure greater rim width, a rolled steel bar is 
fillet welded to the web (Fig. 8). The ends of the rim 
are butt welded with mild steel electrode resulting in a 
joint having free machining qualities equal to those of 


sections, desirable where minimum weight is an essen- 
tial item. 

Plain spokes made from bar stock, tubing or trian- 
gular shapes are commonly used in wheel construction 
(Fig. 6). The spokes are scarfed to conform with the 
contour of the hub and rim and then fillet welded. 
Tapering the spokes to be thicker at the hub and thinner 
at the rim increases the unit strength and enhances the 
product appearance. 

Rugged in design is the simple spoke-type construction 


shown also in Fig. 6. Two plain straps are brake- 


the parent metal. Stiffeners welded to the rim and 
web strengthen the weldment for heavy loading es- 


pecially where wide rims are involved. Gear teeth are 
cut in the rim, or the rim contour is machined for flat or 
V-belt drive. 

Alternate construction for building vee pulleys in- 
corporates two formed disks butt welded together as 
shown in Fig. 9. This design is used where larger quan- 
tities are made and dies are available for forming the 
web sections. 


Cone Friction Wheel. A web, formed with a taper 


FLYWHEEL 


FIG.1 


FIG.10 


HANDWHEEL 


FIG. 12 
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data are available concerning the welder 
system, service can usually be provided at no great cost 


enue at high investment cost. 


face, as shown in Fig. 10, is fillet welded to the hub. For 
added rigidity, the taper-faced web member is backed 
with a flat disk and a rolled rim welded to the outside 
diameter. After welding, the complete assembly can 
be machined with light finishing cuts to obtain size and 
concentricity. 
Flywheels. Arc-welded construction of flywheels per- 
mits metal to be concentrated where it is needed most 
at the rim resulting in a higher inertia-to- 
weight factor than with other types of construction. 
Rims formed from steel bars or cut from plate ‘are 
welded to the web as illustrated in Fig. 11. The web 


diameter is made slightly smaller than the outside diam- 
eter of the rim to allow deeper weld penetration. 

Hand Wheels. Hand wheels consist of a plain round 
rim formed from round bar stock or tubing. Welded- 
steel hand wheels are superior to other types in that they 
will not fracture. 

For fast welding, component parts are located and 
held in simple, clamp-type fixtures. On larger quanti- 
ties, the fixtures may be tilted and rotated by power for 
fast downhand manual welding or with the ‘Automatic 
Lincolnweld.”’ 


Utility Problems in Supplying 
Power For Resistance Welding 


by H. B. Wood 


OR the past 15 years or so, the application of re- 
sistance welding has progressed greatly, increasing 
correspondingly the number of welder services on 
the utility system. With the increased use of this 
type of welding during the war, further demand for 
welder services will undoubtedly accelerate during the 
coming years. Many 
welder loads to provide adequate voltage without un- 
When adequate 
and utility 


schemes are used to connect 


due annoyance to other customers. 


to satisfy the above conditions. 

Three major problems confront the utility engineer 
in serving welding loads. They are flicker to other 
customers served from the same distribution system, 
adequate voltage at the welder terminals and low rev- 
Certain limitations on 
the amount of fluetuation at various frequencies have 
been established beyond which flicker to lights would 
the most critical frequency being 
The amount of: 


be objectionable, 
around six fluetuations per 
noticeable or objectionable voltage drop may be reduced 
and voltage at the welder may be improved by various 


second. 


schemes for reducing the system impedance as viewed 
at the customer's installation. The repayment of in- 
vestment cost to the utility for special installations to 
serve welders is afforded in a surcharge. 

It should be emphasized that the limitations in the 
amount of fluetuation and frequency of fluctuation, or 
addition of a surcharge are not fashioned as penalties 
for connecting welders to the utility system, but these 
limitations and surcharges are established practice ap- 
plying to any form of fluctuating load. 

The system impedance to the secondary of the distri- 
H. B. Wood is connecte ed with the Duqt nesne li ight Co., Pittsburgh, Pa 
This paper was presented at the Conference on Electric ey sponsored 


by the A.L.E.E. in cooperation with Detroit Sections, A 1.E. and 
Industrial Electrical Eng. Soc. of Detroit, held in Detroit on Dee. 6-8, ‘1948. 
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bution transformer on the Duquesne Light Co. 4-kyv. 


system may vary between approximately 1.5 and 17 
ohms. For other voltages higher than 4 kv., 
impedance overlaps somewhat but decreases to lower 
values than those for the 4-kv. Since the volt- 
age drop caused by a specific welder load is its load cur- 
rent multiplied by the system impedance, it is quite 
possible that, depending on the location on the system, 
the welder load may be too great to keep voltage flick- 
ers and terminal voltage within established limits. 

For those cases where flicker is too great or voltage 


the system 


system. 


inadequate, many schemes may be used to bring these 
conditions within limits, such as to replace a 2300/230 
volt transformer with 4000/230 volt transformer with 
corresponding reconnection, connect welder to a 3¢ star- 
delta bank, replace primary cireuit conductors, install a 
separate feed, install series capacitors in the primary 
feed, install a translator or other similar plans. 

Most of the utility operating problems involved in the 
operation of the welder may be solved in advance of 
trouble provided adequate welder data and system im- 
pedance data are available. the Du- 
quesne Light Co. requests the customer to fill in a 
“Welder Data Sheet’ when requesting service. He 
supplies the utility with all pertinent nameplate data, 
including maximum currents that the welder can draw 


For this reason, 


even though this may not be needed in the proposed 
demand of the welder, number of welds per minute and 
expected voltage and current at the proposed operating 
cycle. Other variations in data are also requested on 
the sheet depending upon the type of welder it is pro- 
posed to serve. Using these data and system imped- 
ance data, the utility engineer is able to make caleula- 
tions using various types of connections and thus deter- 
mine the cheapest method of connection which will pro- 
vide adequate voltage and minimize flicker to other 
customers. 

All of the above discussion of the utility problems 
points out several major facts. Cooperation between 
the manufacturer of resistance welders, the user of the 
welders and the utility is of utmost importance in pro- 
viding an adequate power supply for resistance weld- 
ers. The customer should consult with his utility before 
purchasing a welder so that no welder of such size or in 
such location will require a service of prohibitive cost. 
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opper and Its Alloys 


OPPER and its alloys find numerous uses because of 
their high electrical and thermal conductivities and 


their corrosion resistance toward water and other 


liquids, as well as toward many industrial atmos- 


pheres. Many alloys of copper have special charac- 


teristics which make them useful for bearings and other 


machine elements. 


Several types of copper metal are available, the prop- 


erties and behavior of the metal being strongly influ- 


enced by its oxygen content. Tough pitch copper, 


containing about 0.03 to 0.06°% oxygen, is made by 


stirring impure molten copper (containing appreciable 


copper oxide) with wooden poles to reduce the oxygen 


content. To meet certain requirements there are grades 


of copper with lower oxygen content, commercially 


termed ‘deoxidized copper’? and ‘oxygen-free cop- 


per.’ Deoxidized copper is manufactured by treating 


it in the molten state with a strong deoxidizer such as 
Oxygen-free 


phosphorus, silicon, calcium or lithium. 


copper is made by melting commercially pure copper 


under conditions that prevent the absorption of 
oxygen. In one method the metal is allowed to flow 


through charcoal to produce OFHC, the oxygen-free 


high conductivity grade. The presence of even small 


quantities of oxygen reduces ductility and weldability. 


when oxygen-containing copper is heated 
F.,+ chemical re- 
action takes place between the reducing gases and 
that cracks 


Moreover, 


in a reducing atmosphere above 700 


oxides of copper at grain boundaries, so 


and brittleness result. 

Pure copper js relatively soft, with tensile and yield 
strengths of about 32,000 and 10,000 psi., 
These are increased considerably by even a= small 


respectively 


as 


added 


nickel, lead and beryllium) are to 
alloying elements for a number of reasons, among 


copper 
them: to increase strength and corrosion resistance; 
to obtain sounder castings; to reduce metal cost by 
alloying with a cheaper metal; and to improve ma- 
chinability and elastic properties. A large variety of 
alloys with a wide range of properties in cast and 
wrought forms is available. Specific compositions and 
properties will be found in manufacturers’ literature 
and in metal handbooks. 

Copper and its alloys are easily hot or cold worked. 
In general the range of working for the former is 
from About 1100 to 1650° F. 

Heat treatment of pure copper 
1100° F. 
without excessive grain 


is carried out at 
at which temperature softening takes place 
growth; this treatment is 
carried out only to relieve cold-working effects. 

The joining of copper and its alloys by fusion welding 
to produce fully sound, strong structures is : 


Welding may be carried 


compar- 
atively recent development. 
out by gas, coated electrode fusion welding, carbon 
are or resistance methods. Brazing techniques may also 
be used. The gas methods may employ oxyacetylene, 
atomic hydrogen or heliare. 

The extremely high thermal conductivity of copper 
(approximately five times that of ordinary steels) re- 
quires preheating of base metal to prevent cracking due 
to rapid cooling. In carbon are welding, preheat tem- 
peratures as low as 400° F. have been used. However, 
higher temperatures, up to 1200° F. 
depending on the size, shape and design of the struc- 
ture and the welding technique employed. Higher 
temperatures allow better control of metal fluidity and 


may be required, 


are preferred wherever practicable. 
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amount of cold) work, but temperatures as low as 
400° F. will begin to soften the cold-worked material Ref 
Other metals (commonly zine, tin, silicon, aluminum, mens 
Garriott, F. E., “Are Welding of Copper and Copper Base Alloys,” Tug 
Wetpine Journat, 26 (10), 907-915 (1947 
Vreeland, J. J Arc Welding Copper Vessels,” ibid., 27 (2) 125-129 (1948). 
article appe: din 7 Tor 4, N 1942 Welding Handbook aN WELDING Society, Chapter 22 
t Tempilstiks® are a convenient way of checking temperatures. Sample R. A. Wilkins and E. S. Bunn, “Copper and Its Alloys,"’ MeGraw-Hill Pub- 
Tempil® Pellets are available on request lishing Co, 
OMPARED | Approx Weight | Weight | w,: Specific Latent Thermal | .., | Modulus 
LS melt. pt in Ibs. in Ibs. heat heat conduct | in 
“TALS i in °F. per cu. in ercu. ft. | ° ratio ** ratio ** ratio** | 10 millions 
COPPER* | 1980 | .323 560 1.0 10 1.0 1.0 | 1.0 16 
— —- — _ + 
ALUMINUM®* 1215 | 098 170 | 0.30 | 25 | 13 0.55 1.5 10 
+ + 
MAGNESIUM* 1204 063 109 =| 28 0.73 0.40 1.6 6.3 
— 
i 7 
| STEEL 2700 284 490 =| 0.88 1.2 | 0.94 0.20 7 30 
18-8 STAINLESS 2600 286 95 | 0.89 1.3 0.94 0.07 1.0 30 
NICKEL* 2650 322 560 1.0 1.2 1.03 0.15 0.84 30 
BERYLLIUM* 2345 066 114 0.21 4.7 | 5.0 0.42 0.72 43 
Commercially pure metal. ** Approximate ratios—Pure Copper = 1. 
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By Wallace A. Stanley 


: ECHANICALLY, roll spot welding is actually 
J : another form of seam welding. It is used where 
: water or gas tight seams are not required. In 
4 roll spot welding the spots do not overlap. Spacing 
; ' between spots can be varied by adjustment of the 


timing mechanism. The strength of the joint produced 
is roughly the same as if the joint had been produced 
by a row of individual spot welds. The continuous 
rolling process is quite fast of course—much faster 
than individual spot welding. Roll spot welding may 
| be performed in stationary seam welders with the 

work fed through the machine. Or, the work may be 
clamped to a fixture—using traveling seam welder 
wheels. Or, portable seam welding equipment may 
be used. Selection of equipment depends largely on 
the nature of the product and best method of handling 
of the material. 


ROLL SPOT WELDING 


TRANSFORMER 


Where it is desired to join pieces endwise, butt 
welding is employed. This may be in the form of either 
upset or flash welding. In upset welding, the pieces 
are brought together under pressure, each being held 
in an electrode. Current is applied and the heat created 
at the joint acts as in spot welding to fuse the parts 
together. Continued pressure forms an upset weld 
nugget. As in spot welding, the pieces are held in 
place until temperature has dropped below the plastic 
point. 


Wallace A. Stanley is Application Engineer at the Progressive Welder Co 


Designing for Welding—Part Il 


§ In the previous installment, basic principles and general 
types of spot, projection and seam welding were discussed 
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FLASH BUTT WELDING 


MOVABLE ELECTRODE 
FIXED ELECTRODE 


MOVABLE ELECTRODE 


FIXED ELECTRODE 


FORCE 


Flash butt welding is quite similar to upset welding, 
except that the heat to melt the joint is caused by arcing 
rather than conduction. Burning of metallic gases 
between. the pieces assist in rapidly raising the tem- 
perature. The pieces are brought together slowly as 
metal is burned away. When the ends are thoroughly 
hot, the, pieces are forced together rapidly and the 
current is cut off. The metal in plastic form together 
with any impurities at the surface are forced out into 
an “upset”? weld nugget, only clean metal being left 
in the weld. Again, the work is allowed to cool before 
removing. 


UPSET BUTT WELD 


MOVABLE ELECTRODE 


MOVABLE ELECTRODE 


FIXED ELECTRODE ELECTRODE 
FORCE 
J J 


some 


Butt welding may be applied to all manner of prob- 
lems. For instance, a high speed steel tool bit may be 
welded to a mild steel shank, obtaining thereby the 
best characteristics for each end of a tool. A tubular 
part may be welded to a solid round. Small pieces can 
be welded to large ones. Two pieces of entirely dis- 
similar metals may be welded together. As a matter 
of fact any material weldable by any process can be 
butt welded. 


(Continued in next issue) 
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SING a small General Electric 
welder and pieces of scrap metal Tie Rod 
in his spare time at home, a 
G-E employee built a handy 


iL Round Stock 


| 


diagrammed here, 
Elimi- 


steering hitch, 
for one of his neighbors. 


nating the need for a bolster, this 
simple hitch was designed for use 
with an old Buick jalopy which had | eae 
been converted into a farm wagon. 
By changing some of the dimen- 
sions shown, it can readily be a- 


Drowbar Hole 


dapted for use with trailers made 3" 5 bolt 3 pivot bolt 

from other makes of cars. Where 4 a hinge bolt 6" long 

heavy loads are to be hauled, a piece £. — 

of channel steel would be more prac- 
tical for the tongue than the x 


4-in. bar used here. 


Economical Service for 
Resistance Welders 


by E. F. Dissmeyer 


HE survival of our economic system is dependent 
upon an increasingly higher standard of living which 
production 


requires continual improvement in 


methods. Most new production methods are be- 
coming increasingly dependent upon the use of electric 
power. Resistance type welding is one of the more im- 
portant methods being used in the accelerated and eco- 
nomical production of goods. The cost of serving such 
loads is predominately that of investment in utility 
plant. The equitable investment of available capital 
in electricity supply systems to serve welding equip- 
ment along with other types of loads therefore re- 
quires the proper application of welders and the 
coordination of their load characteristics with others 
served by the power supply system. The maximum 
of benefits can be obtained only by the cooperative 
effort of the welder user and the utility supplying the 
electric service. 

Where the resistance welding load is small com- 
pared to other motor and lighting loads, the user may 
be able to apply and install resistance welding equip- 


E, F. Dissmeyer is connected with The Commonwealth and Southern Corp., 
Jackson, Mich. This paper was a nted at the Conference on Electric 
Welding sponsored by the A.LE in cooperation with Detroit Sections, 


A.W.S8., A.LE.E. and the industria S lectrical Engineering Society of De- 
troit, held in Detroit on Dec. 6-8, 19 
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affecting the investment 


It is generally 


ment without seriously 
required by the power supply company. 
agreed, however, that in some cases the revenue re- 
ceived under usual power rates from resistance welders 
alone will not justify the expenditures required to 
isolate them properly from other loads so that they can 
be supplied without disturbing the service of other 
customers. Decentralization of industry, together 
with the installation of fluctuating loads in remote 
areas, presents a particularly troublesome problem. 

As a general rule the user should contact the power 
supply company prior to the purchase of resistance 
welding equipment. Certain pertinent data regarding 
the proposed welder installation will be required by the 
utility engineers who then will be able to inform the 
user regarding power supply availability and limita- 
tions. Also in the case of smaller users the power 
sales engineers may be of considerable help in not only 
the application of the welding equipment but also in 
the selection of a suitable distribution system for the 
plant. 

The utility should be provided with a complete 
description of the proposed welder including the type of 
machine, its kva. rating, primary voltage and maximum 
open-circuit secondary voltage ratings together with 
the available taps. The maximum secondary current 
and power factor are also needed so that the effect of 
the maximum welder load on the service of other cus- 
tomers can be determined. In many cases a welder 
may require different inputs for various portions of a 
welding operation or it may be used for more than one 


type of weld. In such cases a description of each 
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welding operation should be provided, including the 
kva. and kw. inputs of the welder at rated voltage. 
Information relative to the length of time of the weld 
together with a description of the type of switching 
equipment to be used is essential if the utility engineer 
is to determine the facilities required to supply the load. 

In applying the welder the user should select a 
machine having the smallest kva. input compatible 
with the required speed of production and quality of 
weld. In general, properly applied welding equipment 
results in a minimum investment in machines and in the 
user’s plant distribution system. 


Customers should not overlook the possibility of 
using stored energy and three-phase-type welders. 
In many cases one of this type of welder or the use of 
series capacitors will provide an economical solution 
for installations where voltage fluctuations would be 
excessive if the conventional single-phase-t ype machine 
were installed. Voltage fluctuations within the cus- 
tomer’s own plant may be just as important as those 
which disturb the service of other customers. 

The principles outlined herewith have been success- 
fully applied by many users and utilities resulting in 
satisfactory and economical installations. 


Spirit Level Positions Carriage for Welding Girth Seams 


SMALL spirit level fastened to the carriage of the 
Unionmelt welding machine provides an easy 
method for checking the position of the welding rod 
when making girth seams. Accurate positioning of 

the welding rod is necessary to obtain proper welding 

conditions since the fluid weld puddle must be kept 

For this reason, on 


close to the horizontal position. 
inside girth seams, the rod is set ahead of the low point 
so that the puddle will form at the bottom of the curva- 
ture and start to solidify while the surface is horizontal. 

Welding takes place electrically beneath a cover of 
granular welding composition, without glare, flash or 
spatter. In the welding zone, the granular composition 
fuses and submerges the weld puddle. On cooling, the 
fused composition solidifies and detaches itself, leaving 
the clean, uniform weld surface shown here. 

The operator looks at level (4) and adjusts the speed 
of the carriage so that the bubble remains centered. 
Thus, the speed of the carriage is matched with the 
rotation of the tank and the welding rod is kept at the 

) proper lead distance. Another feature of this installa- 


tion is a rack and pinion (8) placed on the carriage 
under the mounting head. This makes it possible to 
quickly and easily position the welding head over the 
seam. 


The scientific phenomena involved in the flow 
and fracture of metals has engaged the attention 
of some of the ablest scientists in the world in 
recent years. The problem is particularly im- 
portant in welded structures where the mono- 
lithie character of a welded assembly brings 
into play stresses of a three-dimensional char- 
acter. Stress concentrations, temperature, 
quality of steel, rates of loading, degree of con- 
straint, are only a few of the many complex 
variables involved in the thorough understand- 


FLOW AND FRACTURE OF METALS 


In order to make available 


AMERICAN WELDING SOCIETY 


33 West 39th Street, New York 18, N. Y. 


ing of the subject. 
to engineers and research workers the best 
existing information, two comprehensive re- 
views were prepared on the subject. One of 
them was made by Major Holloman under the 
supervision of the Welding Research Council 
and the other by Dr. Gensamer and his asso- 
ciates for the U. S. Navy. Each of these are 
already available in book form at $1.00 per 
copy. Orders may be placed for either or both 
of these books at once. Address orders to: 
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WELDING SOCIETY 


aetivities 


related events 


BOUND VOLUMES OF THE 
WELDING JOURNAL 


Bound volumes of Tue We.pinG 
Journat for the vears 1930, 1931, 
1932, 1933, 1934, 1935, 1937 and 
1938 may be purchased at a special 
price of $35.00 per bound volume or 
$30 for the complete eight (8) years 
as listed. The Journals are bound 
in attractive imitation black leather 
covers 
pires April 1, 1949 
be placed with the American WeLD- 
ING Society, 33 W. 39th St., New 
York 18, N.Y 

A Subject and Authors Index 
for any or all of these years will 


ict now as this offer ex- 


Orders may 


be sent upon request 


1948-19 Nominating Committee 
American Welding Society 


With the approval of the Board of 
Directors, the President has appointed the 
following members to constitute the 
1948-49 Nominating Committee: H. O 
Hill, Chairman, Bethlehem Steel Co., 
Bethlehem, Pa.; F. W. Davis, E. B 
Badger & Sons Co., 75 Pitts St., Boston, 
Mass.; R. H. Macey, The Ingalls Ship- 
building Corp., Pascagoula, Miss.; H. M 
Priest, U. S. Steel Corp Subs., Frick 
Bldg., Pittsburgh, Pa.; C. M. Underwood, 
Northern Ordnance Co., Minneapolis, 
Minn.; J. H. Weigel, Combustion Engi- 
neering Co., Ine., St. Louis, Mo.: V. J 
Whitlock, Eagle Metals Co., 3628 E. 
Marginal Way, Seattle 4, Wash 

The By-Laws require that these names 
be published in the JouRNAL on or before 
March Ist. The Committee is required 
to deliver to the Seeretary in writing, on or 
before the 10th day of May, the names of 
its nominees for the various elected 
offices next falling vacant, together with 
the written acceptance of each nominec 

The purpose of publishing the names of 
the Nominating Committee in the Jour- 
NAL is to provide every member with an 
opportunity to make suggestions to the 
Nominating Committee. To be effective, 
it is essential that these suggestions be 
sent in at once as, naturally, the Nomi- 
nating Committee will be required to hold 
early meetings in order to fulfill its duties 
as required by the By-Laws 
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The offices to be filled are: President, 
First \ ice-President, Second Vice-Presi- 
dent (all for a term of one year), and four 
Directors-at-Large (all for a term of three 
years ) 
of President, First 
Second 


Present incombents of the offices 
Vice-President and 
Vice-President are eligible for 
another term. The incumbents for Diree- 
tors-at-Large are not eligible for re- 
according to the By-Laws, 
Article VIII, Section 6 The Directors- 
at-Large are selected by the Nominating 
Committee with duc 


election, 


consideration to 
geographical distribution 

resent officers whose terms expire 
President, G. N. 
Sieger; First Vice-President, O. B. J 
Fraser; Second Vice-President, H. W. 
Pierce; Directors: D. H. Corey, J. F. 
Maine, FE. L. Mathy and L. 8. MePhee 


next October are: 


Board of Directors Meeting 


\ meeting of the Board of Directors of 
the AmgricaN WELDING Society was 
held in the Hotel New Yorker, New York 
City, on Thursday, Dee. 2, 1948, with 
the following in attendance: 

Vembers: D Arnott, J. J. Chvyle, 

E. Claussen, D. H. Corey, R.S8. Donald, 

B. J. Fraser, W. F. Hess, H. O. Hill, 

H. Humberstone, T. M. Jackson, 
T. B. Jefferson, C. I. MaeGuffie, H. W 
Pierce, J. F. Maine, G. N. Sieger and 
J. B. Tinnon 

By Invitation: FE. V. David, Chairman, 
Convention Committee and A. C. Weigel, 
Chairman, Special Committee on A.W.S.- 
A.S.M. Negotiations 

Staff Officers: J. G. Magrath, Executive 
Secretary; M. M. Kelly, Secretary; W. 
Spraragen, Editor, Tuk JouRNAL 
A. Greenberg, 
F. J. Mooney, Manager, Service Depart- 
ment. 


Technical Secretary: 


Finances 


Annual Report—1947-48. In present- 
ing report on financial operations of the 
Socrery for the fiseal year ended Sept. 30, 
1948, the Chairman of the Finance 
Committee called special attention to the 
following points: Although the total 
income for this year bettered that of the 
previous year by $5400, it fell short of the 
vear’s budgeted income by $40,700. 
The large differential between the budg- 
eted and actual experience was caused, 
for the most part, by variance in (a) 
income from membership dues in the 
amount of $32,800, because of the post- 
ponement of proposed membership drive; 
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(6) JouRNAL advertising, caused by raising 
the amount budgeted over the previous 
year’s actuality to cover cost of expanded 
activity program; actually this year’s 
JOURNAL income approximated the pre- 
vious year’s; (c) income anticipated from 
sale of Welding Metall ergy and the Hand- 
book did not materialize since proposed 
new issues were not published 

While the total expenses lor the year 
showed a saving of approximately $21,000 
over the budgeted figure, this year’s 
expense Was incré ased over the previous 
year by $30,365 

Thus, the operations Ifor the year re- 
sulted in an excess of expense over income 
in the amount of $19,400 as compared 
with an excess of income over ¢ xpense for 
the previous year in the amount of 
$5000 


1948-49 Annual Budget 


Consideration was given to proposed 
budget for the new fiscal year, commencing 
Oct. 1, 1948, and the accompanying com- 
munication of the auditor, dated Nov 
23, 1948, and of the Chairman of the 
Finance Committee, dated Nov. 26, 
1948, relating thereto. In presenting this 
budget, the Finance Committee stressed 
the importance of periodical scrutiny of 
the actual experience with the budgeted 
income and expense, throughout the 
fiscal year, to insure against any loss 
beyond that budgeted. A quarterly re- 
view was recommended. 

In response to questions raised regarding 
method of apportioning overhead expense 
against the various departments, the 
auditor explained that the method of 
charging the various functions with over- 
head on the basis of the value of the esti- 
mated personnel time requirements to 
conduct the affairs of the various depart- 
ments is one that was established arbi- 
trarily over ten years ago by the Finance 
Committee, and approved by the Board 
of Directors, then in office No. better 
method of estimating operational costs 
has been proposed since that time At 
the beginning of every fiscal year, Head- 
quarters’ (overhead) expense is given 
separately in the budget and the appor- 
tionment of the overhead against each 
department is shown in the budget. 
Thereafter, in the quarterly reports 
furnished to the Board, the figure shown 
against each function includes direct and 
In order to enable the 
Board to determine more readily the 
direct charges against the functional 
items, such as THe WELDING JOURNAL, 
Welding Handbook, Educational Books, 
Annual Meeting, Membership, Section 


overhead charges. 
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and Educational Activities, it was deemed 
advisable in future to show the overhead 
separate from the direct charges. On 
request, Mr. Joseph, Auditor, agreed in 
future to submit financial statements as 
presently submitted, and also in the form 
wherein the overhead expenses will be 
shown separately from the direct expenses. 

In respect to membership revenue 
possibility for the current year, the 
Executive Secretary sounded a warning 
note regarding membership delinquency 
and losses this year, compared with a 
year ago, which, he stated, he believed is 
very definitely tied into the increase in 
dues. To stem the tide in membership 
losses, he sought the guidance and active 
assistance of the Board of Directors, 
particularly the District Vice-Presidents 
and Directors located in Sections. It is his 
plan to concentrate this year on getting 
new members and retaining the interest 
of present members. It was the sense of 
the meeting that the revamping of the 
JOURNAL to meet the wishes of the mem- 
bership as expressed to the Executive 
Secretary, and the increased services to 
the membership, Sections and welding 
industry, to meet their demands, should 
be productive of greater interest and 
willingness on the part of the membership 
and welding industry to support the 
Soctrery. 


Welding Research Council Subscription 


Upon due consideration, request for 
renewal of A.W.S. annual subscription of 
$250 to the work of the Welding Research 
Council, was approved. 


Standing Committee Appointments 


List of recommended personnel of 
Standing Committees for the fiscal year 
1948-49 was distributed at the meeting. 
With the addition of the name of a repre- 
sentative from the A. O. Smith Corp. 
(to be furnished by Mr. Chyle) to the 
members of the Manufacturers Committee 
personnel list of A.W.S. Standing Com- 
mittees for the year 1948-49, was ap- 
proved. 


Permanent Speaker and Lecture Bureau 


Recommendation of Executive Seere- 
tary for the institution of subject bureau 
as a means of improving Section meetings, 
was considered. 

After deliberation, it was voted to 
authorize the President to appoint a 
permanent Speaker and Lecture Bureau, 
with scope and personnel as outlined in 
communication of Executive Secretary, 
dated Nov. 16, 1948. It was suggested, 
if space permits, that a screened list of 
speakers for Section meetings, to 
furnished by the Executive Secretary, be 
published periodically in THe Wetpine 
Journat for the benefit of Section Officers. 


be 


District Boundary Lines 


The Board cogitated on matter of 
By-Law change in order to avoid burden- 
ing the Board with responsibility of 
determining or adjusting District boun- 
daries, as recommended in communication 
of Executive Secretary, dated Nov. 16, 
1948. It was the sense of the meeting 
that word “determine” in Article VI, 


Section 1, “Geographical Districts,” of the 
By-Laws, can be interpreted to mean 
“approve” and therefore no change in the 
By-Laws is needed. It was the opinion 
that responsibility for determining or 
adjusting District boundaries rests with 
the Executive Secretary, in consultation 
with the District Executive Committees 
and Section Advisory Committee and 
their findings, with recommendations, 
should be offered to the Directors for 
approval, 


Technical Activities 
mendations 


Committee Recom- 


Recommendations submitted ig com- 
munication of Technical Secretary, dated 
Nov. 15, 1948, were duly considered and 
approved. It was the sense of the meeting 
that inasmuch as the Board of Directors 
is not expected to pass upon the technical 
content of a standard, but merely to 
accept or decline to accept the proposed 
standard for publication as A.W. 
standard, or tentative standard, it is not 
necessary in future for T.A.C. to furnish 
the Board of Directors with copy of pro- 
posed standard referred to in its recom- 
mendatien. The Secretary was directed 
to so advise T.A.C. 


an 


International Institute of Welding 


Review was made of report of Executive * 
Secretary of meeting of National Officers 
of A.W.S. interested directly in the 
International Institute of Welding, held 
on Dee. 1, 1948, for purpose of discussing 
and seeking clarification of 
that had arisen in connection 


situations 
with the 
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Lukens will send you this instruction card on welding clad steels—Nickel-Clad, 
Stainless-Clad, Inconel-Clad and Monel-Clad. It gives data on preparation of the 
plate, electrodes and number of passes to use, current densities, and so on, 

For this wall chart or for the 100-page book, “tFabrication of Lukens Clad 


Steels”, write Lukens Steel Company, 407 Lukens Building, Coatesville, Pa. 


KENS Two 16mm Kodachrome motion pictures—"“The Manufacture of Lukens Clad Steels’ (silent) 
and ‘Solving Corrosion Problems” (with sound)—will be loaned to you. Write for booking date. 


I Monel: Cla SOLID METAL ADVANTAGES WITH CLAD STEEL ECONOMY 
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A.W.S.-W.R.C, and L.I.W. appointments. 
The Board voted approval of recommen- 
dation of these National Officers for the 
appointment of a committee to be known 
as the A.W.S. Committee on LI.W., with 
personnel as given below, and with exact 
scope to be determined in due course: 

Chairman: The designated U.S.A. Vice- 
President of and Delegate to the LI.W. 
(by action of A W.S. Board of Directors). 

Member: The designated U.S.A. Dele- 
gate to the LLW. (by action of A.W.S 
Board of Directors). 

Member: The designated U.S.A. Dele- 
gate to the LI.W. (by action of W.R.C.) 

Member: The President of A.W.S. 

Member: The First Vice-President of 
A.WSS. 

Vember: The Second Vice-President of 

Member-at-Large: Internationally active 
A.W.S. member—-T. MeLean Jasper (3- 
year term). 

Secretary: The Executive Secretary of 
A.W.S. (nonvoting). 


Brochure 


The Executive Secretary reported that 
he had prepared complete rough draft of 
layout and text of brochure for executives 
in accordance with authorization at a 
previous Board meeting. Copy had been 
submitted for comments to the Chairmen 
and Secretaries of the Publicity, Technical 
Activities, Publication and Membership 
Committees; the Chairman and Director 
of the Welding Research Council; and to 
the Secretary of the Socrery. He said 
that copies were available at this meeting 
for Board members. He invited com- 


Simply mark your workpiece 
with the proper Tempilstik° 
When the mark melts, the specified 
temperature has been reached. 


Available in these temperatures (°F) 


ments of the Board on the Brochure, 
and stated that such would be welcome 
if received before December 15th. 


Adjournment 


The meeting adjourned at 2:45 P.M. 


Electronics Conference 


An American Institute of Electrical 
Engineers’ Conference on the Industrial 
Application of Electron Tubes will be 
held in the Statler Hotel, Buffalo, N. Y., 
on April 11 and 12, 1949. The conference 
will provide a means for electronic tube 
users to discuss their mutual problems 
with control equipment designers and 
tube manufacturers. 

The program for the first day will 
include a technical session on the applica- 
tion of electron tubes in control and other 
industrial equipment, an inspection trip 
to the new Westinghouse Plant in Buffalo 
and a presentation of several papers by the 
users of electron tubes deseribing their 
operating experience and maintenance. 

The second day will be devoted to a 
discussion of the items which the equip- 
ment manufacturers consider in designing 
control and other equipment-using tubes, 
followed by «a technical session on the 
methods used by the electron tube manu- 
facturers in building and rating tubes for 
industrial applications. 

The conference is sponsored by the 
A.L.E.E. Subcommittee on Electron Tubes 
of the Electronic Committee, and the 
Subcommittee on Eleetronie Control of 
the Industrial Control Committee jointly 


with the Niagera Frontier Section of the 
A.LE.E. 


Movie Guide 


The Nema Movie Guide is a compilation 
of 16-mm. films, both sound and silent, 
selected for their educational value in the 
electrical field. Included in this Guide are 
those films dealing with electrical subjects 
that formerly appeared in the EMPIC 
Movie Guide. Films previously listed 
therein but not appearing in the latest 
producers’ catalogs were omitted 

The electrical films listed in the Vema 
Movie Guide are not exclusively those pro- 
duced by electrical manufacturers. The 
films represent many industries, all inter- 
dependent upon one another for their 
products, but all jointly contributing to 
the glorious Electrical Age in which we 
live. It is hoped not only that the users 
of these films will enjoy the educational 
values they present, but that they may 
also see the vital part electrical industries 
play in promoting better living in America 

The compiler and the members of the 
National Electrical Manufacturers’ Assn 
are grateful to the many producers and 
distributors for their assistance in sending 
reviews, films and catalogs. In compiling 
this list of films they also drew heavily 
from film guides noted for their selection 
of films for educational purposes. Es- 
pecially helpful in this regard was the 
Educational Film Guide published by H 
W. Wilson Co., New York, N. Y., and 
the Educators Guide to Free Films, Eduea- 
tors Progress Servite, Randolph, Wis. 
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We invite inquiries from reputable distributors interested in handling Tempil® products. 
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RED DEVI We 75 


n Caliber.-. 
Iding Rods 


Mild Steel Electrodes 
BLUE DEVIL..... All Position, Reverse Polority........... AWS. 6010 
BLUEDAC...... All Position, A. C. Current ...e AWS. 6011 
GRAY DEVIL.... Genercl Purpose, Poor Fit-up 


GRAY DEVIL No. 2. Generol Purpose, Smooth Beod 
Straight Polarity 


GRAYDAC General Purpose, Smooth Beod 
Straight Polarity 
Especially designed for A.C. Current, ..... -A.W.S, 6013 


BLACK DEVIL.. Deep Grooves and Horizontal Fillets 
Straight Polarity . .. ...A WS. 6020 


RED DEVIL Deep Grooves, Reverse Polarity... ... AWS. 6030 
BLACK DEVIL F. B.. Finishing Beods for Smooth Cover Beods. . . .. AWS. 6030 


High Tensile Electrodes 
BLUE DEVIL 85 eeee All Position, Reverse Polarity A.W.S. 7010 


All Position, D.C. Reverse Polarity. 
Low Hydrogen Lime Ferritic A.W.S, 7015 


BLACK DEVIL FOsse Deep Grooves and Horizontal Fillets A.W.S. 7020 
RED DEVIL 75 eee Deep Grooves, Reverse Polarity A.W.S 7030 


Special Electrodes and Acetylene Rods 


Stainless Steel Electrodes Electrodes & Acetylene Rods Bronze and Copper Alloy 
All Types for Cost Iron Welding Electrodes and Acetylene Rods 


Too! and Die Electrodes Hord Surfacing Electrodes Aluminum Electrodes 


etyle 
High Cerbon, Alloy ond Mild Steel Bore and Lightly ond Acetylene Rods 
Mangonese Nickel Electrodes Cooted Electrodes Mild Steel and High Carbon 
for Roil Welding Acetylene Rods 


CHAMPION Electrodes are Weld Rated Electrodes 
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Annual Meeting—International 
Acetylene Association 


Plans are being prepared for holding the 
next Annual Meeting of the I.A.A. at the 
William Penn Hotel, Pittsburgh, Pa., 
April 25 and 26. 


Stress Analysis Meeting 


The Spring Meeting of the Society for 
Experimental Stress Analysis will be held 
at the Hotel Statler, Detroit, Mich., on 
May 19, 20, 21, 1949. 

Inquiries should be addressed to the 
Society for Experimental Stress Analy- 
sis, P. O. Box 168, Cambridge 39, 
Mass. 


Purdue Welding Conference 


This Welding Conference is sponsored 
by the Department of General Engineering 
and Division of Technical Extension with 
the cooperation of the Engineering Schools 
of the University and the neighboring 
chapters of the AmertcaN WELDING 

The conference is seheduled for Tues- 
day, Wednesday and Thursday, February 
8 10th, inclusive. The general division 
of subject matter for the technical sessions 
is as follows: 


Tuesday, February 8th —Resistance 
Welding 
Wednesday, February 9th —Nonpres- 


sure Welding in Production 
Thursday, February 10th —Welding 
Methods of Interest to Maintenance 
and Job Shop Operators 
Further information concerning either 
the conference or the exhibits may be 
obtained by addressing the Division of 
Technical Extension, 2090 Service 
Stores Building, Purdue University, Lafav- 
ette, Ind. 


Lincoln Electric Incentive 
Payments for 1918 Total 
Over 33.800,000 


Recently the Lincoln Eleetrie Co., dis- 
tributed $3,821,973 incentive payments to 
1097 workers for the 1948. These 
payments, as an average, double the in- 


vear 


come of every member in the organiza- 
tion, according to J. F. Lincoln, president 
of the Company, who, in making these 
payments, made the following statement: 

“Our incentive program at The Lincoln 
Electric Co. has not only increased wages 
but also has reduced the selling price of its 
products to less than half that of compar- 
able products on the market. That means 
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that the motors and generators used for 
welding as well as the welding electrodes 
which we produce sell for less than half the 
price of similar motors, generators and 
electrodes manufactured and sold by other 
organizations for other purposes. 

“The people in our organization who 
have accomplished this unique result are 
very proud of the skill and imagination 
which have made this record possible. 
Their increased financial income is only 
one of the benefits to them resulting from 
our incentive program. 

“For the fiseal vear 1948, the average 
product output per person on the payroll 
at Lineoln Electrie is $20,748 compared 
with $6,895 as the average output per per- 
son of three other large electrical manufac- 
turers. It will be seen that this is over 
four times greater than similar companies 
without incentives. When it is remem- 
bered that this record was made with a 
product selling for less than half of that of 
the usual manufacturer of similar equip- 
ment, the accomplishment is still more 
striking. 

“Tf all industry should adopt a compar- 
able incentive system, and it was as suc- 
cessful as in the case of our Company, the 
standard of living of all people would be 
quadrupled All friction between so- 
called labor and management would dis- 
appear. The threat of communism, which 
is disturbing us so greatly, would be en- 
tirely removed and the satisfaction of all 
workers would be greatly enhanced. 


Nooter Boiler Works Expands 


As concluding phase of its $500,000 
expansion program, The John Nooter 
Boiler Works Co., St. Louis, has purchased 
major items oft equipment out of the 
Mount Vernon, UL, plant of J. P. Devine 
Division, H. K. Porter Co., Ine. The 
Illinois shop has closed by the 
parent Porter company in Pittsburgh. 

Acquisition of the Devine equipment 
and its Louis were an- 
nounced by Robert J. Ryan, vice-president 
and general manager of the Nooter firm 
other new equipment 
installed or now on order, it 
provides facilities for fabricating the 
larger types of tanks and heavier pressure 


been 


removal to St. 


Together with 


recently 


vessels used by petroleum, chemical, 
foods processing and other industries, 
{van said 

Included in the purchase from the 


Devine shop is a bending roll capable of 
processing steel plates up to 2 in. thick 


and to 20 ft. in width. The purchase also 


included Devine’s car-bottom, or track- 
loaded, annealing furnace. The furnace 
will be used in stress-relieving metal 


products of dimensions up to 14 by 16 by 
54 ft. Many other items used in fabriea- 
ting heavy steel and alloy plate products 
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were purchased from the Illinois shop. 

Buildings recently completed include a 
metallurgical laboratory for testing welds 
and metals and for developing new tech- 
niques, an engineering office, a main- 
tenance shop and a warehouse for equip- 
ment used by field crews in tank and 
smokestack ereetion 

Plans call for a oxygen supply 
installation and an acetylene generation 
plant to accommodate increased welding 
and flame-cutting operations. Rail spurs 
add 1200 ft. of trackage for loading 
within the 8-acre plant area 

The expansion 
ployment capacity by 40%. 


new 


Nooter’s em- 


Increases 


Burdett Builds Largest Oxygen 


Unit 
Karly in January, emplovees of the 
Burdett Oxygen Co. of Cleveland will 
watch new oxygen machinery go into 
operation. The center of interest will 


be the largest oxygen producing unit in 
Burdett’s 25 vears of business, being more 
than twice as large as any previous Bur- 
dett) oxygen unit. will over 
$150,000 and will produce than 
5,000,000 eu. ft. of oxygen per month. 

The new unit will help meet the in- 
creasing demands of customers for oxygen, 
especially in steel mills and foundries 
Here, new methods utilizing oxygen on 
furnaces, is enabling mills to produce 
33!/;©% more steel with the same facilities 
Thus, this new oxygen unit will be effective 
in helping to relieve shortages 
Most of the oxygen is handled in what is 
termed by the industry “bulk containers,” 
not in the familiar gas eylinder. In 
addition to oxygen the new unit will also 
produce nitrogen and argon gas. 


cost 


more 


steel 


Resistance Welding Sales 


Foreign orders for resistance welding 
equipment in November reached the 
highest level since April of this year, the 
Resistance Welder Manufacturers’ Associa- 
tion reports, and within 11% of 
foreign orders received during the entire 
third quarter. 

Total shipments of 
machines by members of the 
during November exceeded shipments for 
the same month last year by slightly more 
then 45%. T. 8S. Long, President of the 
Association reports 


were 


resistance welding 
Association 


Shipments of elec- 


trodes, an excellent indicator of the wider 
extent to which resistance welding equip- 
ment is used, are also continuing at the 
highest 
dustry. 


levels in the history of the in- 
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A.P.L. drill pipe tool joints are built up 
with “Tungweld C” to resist severe abra- 
sion experienced in drilling operations. 


“TUNGWELD”. The unusual wear resisting qualities of tung- 
sten carbide make “Tungweld” electrodes particularly suit- 
able on hardsurfacing applications where severe abrasion is 
encountered. “Tungweld C” deposits coarse particles of 
tungsten carbide in a tough alloy matrix. Under severe abra- 
sion, the iron matrix wears away, continually exposing new, 
sharp tungsten carbide particles. The result is a self-sharpening 
edge ideally suited where a jagged, rough edge or surface is 
desired, as on earth-cutting tools. “Tungweld F° deposits 
fine particles of tungsten carbide where a thin, sharp cutting 


edge is required. 


The backplate of this chute is hardsurfaced with “Faceweld 
12” providing increased resistance to falling aggregate. 
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New Carbide Type Electrodes 


Developed for Severe Abrasion 


A worn dredge impeller is reclaimed by 
first building up the surface with “Fleet- 
weld 5” and then hardsurfacing with 
*Tungweld F.” 


Life of this post hole auger is increased 
several times by applying a deposit of 
*Tungweld F” to the edge. 


“FACEWELD”. High resistance to metallic and non-metaltic 
abrasion is obtained with “Faceweld” hardsurfacing deposits. 
This resistance is maintained even under higher temperatures 
and in the presence of corrosive atmospheres. Dev eloped for 
hardsurfacing carbon, alloy and manganese steels, ““Faceweld 
1” forms a tough deposit for severe abrasion and moderate 
impact. “Faceweld 12” deposits are somewhat harder for 
increased resistance to abrasion. 

Both “Tungweld” and “Faceweld” are coated tubular 
electrodes. The deposits are non-machinable and are finished 


by grinding. 


Hardsurfacing Guide. Quickly shows what electrode to use 
to best resist impact and abrasion. Size 84x11". Write and 
ask for it. 


TUNGWELD 
LINCOLN 
TUNGWELO 
HARDSURFACING GUIDE 

FOR LONGER WEAR 
Al Lower COST 
J 
z 


TOUGH 


INCREASING RESISTANCE TO CRACKING, CHIPPING OR SPALLING UNDER IMPACT 


The above is published by THE LINCOLN ELECTRIC COMPANY in the interests of progress. 


For further information, ask for Weldirectory for Hardsurfacing, Bul. 466. Write The Lincoln Electric Company, Dept. 92, Cleveland 1, Obio. 
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Safety Posters 


The 1949 Directory of Occupational 
Safety Posters, as prepared by the Na- 
tional Safety Council, is a 72-page diree- 
tory containing 744 illustrations of two- 
three- and four-color posters, classified 
under 15 sections. A convenient index 
that quickly locates posters on specific 
accident hazards. Posters range in size 
from 8'/, x 11'/. in. to 10 x 12 ft. Na- 
tional Safety Council, 20 N. Wacker Dr., 
Chicago 6, IL. Price, 50 cents. 

American Optical Buys 
Stamford Property to 
Expand Research 

Purchase of a 6-aecre tract at Stamford, 
Conn., to create a research laboratory in 
the expansion of the research program of 
American Optical Co., was announced 
recently by Dr. R. Bowling Barnes, vice- 
president in charge of research and de- 
velopment. 

The property includes a year-old build- 
ing which will be completely remodeled 
for research purposes. Containing 13,000 
sq. ft. of floor space, the structure formerly 
housed the Webb Offset Co 

Dr. Barnes said the research activities 
to be conducted in the Stamford labora- 
tories “will supplement and be in addition 
to research by American Optical Co. at its 
headquarters in Southbridge, Mass., and 
at its seientific instrument division in 
Buffalo, N.Y An entirely new scientific 
staff will be organized at Stamford to 


60 E. 42nd St. 


Carbide 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


NATIONAL 


pursue work in fields related to the optical 
sciences and to scientific instruments, as 
well as research bearing directly on the 
company’s products and processes.”’ 

The property is located off Hope St., 
Springdale, Conn., in the Township of 
Stamford, and was purchased from the 
Hope Street Realty Co 

“As a leader in its field,’ Dr. Barnes 
said, “American Optical Co. is expanding 
its long-established research program in 
order that it may add to its contributions 
to human knowledge and progress. "> While 
the fields of the company’s interest have 
long been explored by scientists, there 
remains a vast uncharted area in these 
fields and in others related to them. 

The purpose of the acquisition is to 
provide the most modern facilities for a 
group of scientists to pursue fundamental 
and applied research. Among the proj- 
ects contemplated are basie scientific 
studies in physiological optics, plastics as 
optical components, glass chemistry, 
optical instrumentation, spectroscopy and 
microscopy. 


Railroad Fair 


The Chicago Railroad Fair, 1949 edi- 
tion, will open on June 25th and run for 
100 days——closing on October 2nd, Major 
Lenox R. Lohr, President of the Exposition 
has announced. The 1948 Fair opened 
on July 20th and continued until Oc- 
tober 3rd, attracting more than two and 
one-half million visitors during the 76-day 
run. 


While the Fair grounds have been win- 
terized and inactivated, planning for the 
coming year has been proceeding full speed 
ahead with Lohr and the participating rail- 
roads in constant conference on how to 
make the second presentation even more 
interesting aud attractive than was the 
initial show which won the acclaim of all 
who visited the Fair grounds. 

The Exposition will occupy the same 
area on the lake front as did the 1948 ver- 
sion, for, in Major Lohr's conception ol 
the development of the project, it is more 
important to Improve the eNisting area to 
a point where everything possible is done 
for the comfort and entertainment of the 
Fair visitor than to expand merely for the 
sake of increasing the amount of ground 
occupied. His directives to his adminis- 
trative assistants place all emphasis on 
“Better” rather than “Bigger.” 

In some spots, enlargement of facilities 
cannot be avoided. Thousands were 
turned away from the grandstand at the 
brilliant “Wheels a-Rolling”’ 
which played to an audience of more than a 
million two hundred thousand. In view of 
the need for more seating space, plans are 
being made to enlarge the grandstand. 


spectacle 


The erection of covered ways connecting 
the various exhibits on the grounds are 
being planned to protect visitors from sun 
and sudden showers; all roadways will be 
black-topped to add to walking comfort, 
and adequate comfort facilities will be 
provided to serve the Fair visitors. 


Improved eating facilities will be avail- 
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Use National Carbide in the Red Drum 
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welds inside ... outside ... 
longitudinal or circular 


This universal Berkeley Welding Fixture 


can be used to do inside and outside longitud- 


inal or circular seam welding with speed, effi- 


ciency and economy. 


Powered turning rolls* (fig. 2) for 
girth or circular seam welds, are rail 
mounted to permit longitudinal travel 
for seam welds. For inside welding, 
the rod feed is attached to the end of 
the boom as shown in the large illus- 
tration. For outside welding, the rod 
feed is positioned above the work. 


*Avoilable seporotely, or with Boom, 
as required. 


Frepruary 1949 


Berkeley Welding Fixtures and equipment have 
solved widely varied production welding prob- 
lems for many manufacturers. It is probable that 
there is standard Berkeley equipment which will 
exactly fit your own problem 

If your production involves welding, a Berkeley 
fixture or Jig can speed your output while re- 
ducing costs. 
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HIGH PRESSURE 
CYLINDER VALVES 


for OXYGEN and HYDROGEN 


Designed, tested and proved for high 
pressures and severe service. 


Packing may be replaced with cylinder 
under pressure if necessary. 


Fuse plug and bursting disc provide posi- 
tive safeguard. 


Bronze stem furnished as standard, also 
available with monel stem on special order. 


for ACETYLENE 
Listed by Underwriters’ Laboratories. 


Cadmium-plated steel stem with monel 
tip resists rust and wear. 


Ball-nose seat construction assures positive 
shut-off. 
for CARBON DIOXIDE 


Available with diaphragm-type or packed- 
type construction. 


Compact, rugged design for use with high 
pressures. 


Equipped with bursting disc safety device. 


*Reg US Pot Office RESO 


4201 Peterson Ave. Chicago 30, mM. 


Pioneer ond Leader in the Design ond Manutacture of Precision Equipment tor Using ond Controlling High Pressure Gases 
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able, and to satisfy the expressed deli of 
thousands who could not be accommodated 
in the Fiesta Dining Car, at least four ad- 
ditional dining cars will be in service with 
the possibility that this number will be 
vet further expanded before the Fair 
opens. 

The colorful Deadwood Central Rail- 
road, which hauled hundreds of thousands 
of visitors up and down the grounds will be 
expanded to accommodate even greater 
numbers. A second train with a locomo- 
tive even more dazzling than Chief Crazy 
Horse will be added and will travel over 
the same tracks with a passing track added 
to permit passage of the trains 

Changes and additions to existing exhib- 
its will be made and plans are being de- 
veloped for outstanding new presentations 

As the 1948 Railroad Fair was the out- 
standing event in the United States enter- 
tainment world, so will be the 1949 version 
and even greater numbers of visitors from 
all over the country than came last year, 
can be expected to visit Chieago to at- 
tend the Exposition. 


Combustion Engineering and 
Superheater Merge 


Merger of two well-known power equip- 
ment manufacturers Combustion Engi- 
neering Co., Ine., and The Superheater Co 

was consummated on December 22nd 
by approval of the stockholders of both 
companies. It became effective on Dec 
31, 1948, under the new name of Combus- 
tion Engineering-Superheater, Inc 

The original Combustion organization 
was founded in 1914, its products includ- 
ing Type E, Type H and Coxe stokers. 
Subsequently it absorbed other manufac- 
turers of fuel burning equipment and sev- 
eral boiler companies, the latter including 
the manufacturers of Heine, Walsh-Weid- 
ner, Casey-Hedges and Ladd boilers. Two 
of these companies started in the field in 
1884, and several others were organized 
prior to 1900. 
The Superheater Co., was organized in 


* 1910 as the Locomotive Superheater Co., 


designing and building superheaters for 
locomotive boilers. Later, it expanded its 
lines of products for locomotives and de- 
veloped superheaters and other equip- 
ment for power plant boilers as well as 
marine and oil-country boilers 

Following World War I, both Combus- 
tion and Superheater were identified with 
major new developments in steam genera- 
tion. Combustion was chiefly responsible 
for the commercial development of pulver- 
ized coal firing of boilers, water-cooled fur- 
naces and completely integrated designs of 
steam generating units. Superheater pio- 
neered in the development of superheater 
designs for higher steam pressures and 
temperatures. Both companies were iden- 
tified with many of the installations which 
in the period from 1920 on set new stand- 
ards of practice and performance. 

Domestic manufacturing plants owned 
by the two companies occupy some 115 
acres and are located at Monongahela, 
Pa.; Chattanooga, Tenn.; Chicago; East 
Chicago, Ind.; and St., Louis. Plants 
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STOCKS OF ALCOA ALUMINUM 


WELDING AND BRAZING RODS AND FLUX 


Atlanta, Georgia 
J. M. Tull Metal & Supply Co., inc. 
Phone: WAinut 3525 

Baltimore, Maryland 
Whitehead Metal Products Co., Inc. 
Phone: LAfayette 2300 

Boston (Cambridge) Massachusetts 
Whitehead Metal Products Co., Inc 
Phone: TRowbridge 4680 

Buffalo, New York 

 Brace-Mueller-Huntley, Inc. 
Phone: Riverside 2620 

« Whitehead Metal Products Co., Inc. 
Phone: CLeveland 1475 

Charlotte, North Carolina 
Edgcomb Steel Company 
Phone: 4-9768 

Chicago, IMinois 

+ Central Steel & Wire Company 
Phone: REPublic 7-3000 

+ Steel Sales Corporation 
Phone: BIShop 7-7700 

Cincinnati, Ohio 
Williams & Company, Inc. 
Phone: CApitol 3000 


@ 


Le 


immediate 


ALCOA 


Cleveland, Ohio 
Williams & Company, Inc. 
Phone: UTah 1-5000 


Columbus, Ohio 
Williams & Company, Inc. 
Phone: MAin 3291 


Dallas, Texas 
Metal Goods Corporation 
Phone: Dixon 4-3925 


Detroit, Michigan 
Steel Sales Corporation 
Phone: TYler 6-3000 


Houston, Texas 
Metal Goods Corporation 
Phone: BEacon 3-8881 


Kansas City, North, Missouri 
Metal Goods Corporation 
Phone: NOrclay 3516 


Los Angeles, California 


« Ducommun Metals and Supply Co. 


Phone: Kimball 0181 


+ Pacific Metals Company, Ltd. 
Phone: PRospect 0171 
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and flux for welding and 
brazing aluminum, telephone 
your nearby Alcoa Distributor 
at the number listed below. 
He is organized to give you 
service 
Aluminum Rods and Flux. He 
also carries Aleoa Aluminum in 
its commercial forms. You'll 


find him a good man to know. 


ALMOST AT YOUR ELBOW 


When you need the best rods 


on Aleoa 


Newark, New Jersey 
Whitehead Metal Products Co., Inc. 
Phone: Bigelow 8-8500 


New Orleans, Louisiana 
Metal Goods Corporation 
Phone: CAnai 7373 


New York, New York 
Whitehead Metal Products Co., Inc. 
Phone: WAtkins 4-1500 


Philadelphia, Pennsylvania 
Edgcomb Steel Company 
Phone: GArfield 3-6300 


« Whitehead Metal Products Co., Inc. 


Phone: BAldwin 9-2323 


Pittsburgh, Pennsylvania 
Wiliams & Ine. 
Phone: CEdar 8600 


Portland, Oregon 
Pacific Metal Company 
Phone: BRoadway 0695 


FIRST AN 


DISTRIBUTORS 


Rochester, New York 
Brace-Mueller-Huntley, inc. 
Phone: GLenwood 0962 


San Francisco, California 
Pacific Metals Company, Lid 
Phones: Mission 7-1104 

ENterprise 1-0806 

Seattle, Washington 
Pacific Metal Company 
Phone: MAin 6925 

St. Louis, Missouri 
Metal Goods Corporation 
Phone: GOodfellow 1234 

Syracuse, New York 

« Brace-Mueller-Huntley, lnc. 
Phones: SYracuse 73-3341 9-6621 

e Whitehead Metal Products Co., Inc. 
Phone: SYracuse 5-4162 

Toledo, Ohio 
Williams & Company, Inc. 
Phone: ADams 8101 

Tulsa, Oklahoma 
Metal Goods Corporation 
Phone: 4-1175 


[ALCOA 


ALUMINUM 
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operated by subsidiary companies are 
located in Canada, England and France. 

The companies do business outside the 
U.S.A. through representatives in the 
principal cities of Latin America and the 
Orient and through the following subsid- 
iaries: The Superheater Co., Ltd., Mon- 
treal; Combustion Engineering Corp., 
Ltd., Montreal; Combustion Engineering 
de Mexico, 8. A.; Combustion Engineer- 
ing Limitada, Brazil; The Superheater 
Co., Ltd., London; The Superheater Co., 
Pty., Ltd., Sydney; Compagnie des 
Surch-auffeurs, Paris; and Stein et 
Roubaix, Paris. 


Vice-Presidents: Wilbur H. Armacost, 
George D. Ellis, Amaziah J. Moses, John 
S. Skelly, Otto W. Strauss, Donald 8. 
Walker, Albert C. Weigel and Arthur 
Williams. Secretary and Asst. Treas., 
Irving B. Swigart. Assistant Secretaries, 
Thomas F. Morris and Francis J. Dolan. 
Assistants to Chairman, Thomas F. Mor- 
ris and Frank R. Fitzpatrick. 


Welded Barges 


Bow end of the first barge in a fleet 
of six specially designed 240-ft. Vessels 


for transporting dry bulk cargo, primarily 
sulfur and salt, on the Intracoastal 
Waterway and the Mississippi River and 
its tributaries, is shown in the accompany- 
ing photo, just before it was launched into 
the Ohio River at the Neville Island 
Shipyard of Dravo Corp. here. The 
articulated barges are being built for 
Buteher-Arthur, Ine., Houston, Tex., 
towing firm. With a 50-ft. rake end and 
a square stern, the welded steel, covered 
barges are to be used for high-speed two- 
barge towing operations. bk. D. Butcher, 
Bites vice-president of Buteher-Arthur is 
shown, right, on the bow of the barge. 


The two companies became affiliated in 
1933, and since then it has become in- 
creasingly evident that important advan- 
tages could be obtained by mergingall oper- 
ations under a single management. The 
new company will continue the world- 
wide activities of the present companies in 
the manufacture and installation of steam 
generating and associated products, and 
such equipment as chemical recovery units 
for pulp mills; flash drying systems for a 
wide variety of materials; sewage incin- 
eration system; mills for pulverizing prod- 
ucts of the process industries generally ; 
soil pipe and castings; domestic water 
heaters; and range boilers. 

Officers of the new company are: Fred- 
eric A. Schaff, Chairman of the Board and 
Vice-Chairman of the Executive Commit- 
iee: Samuel G. Allen, Chairman of the 
Executive Committee; Joseph V. Santry, 
President; Martens H. Isenberg, Execu- 
tive Vice-President; Harold H. Berry, 
Vice-President in Charge of Finance. 


Clean big 
parts with 


WELDING CONNECTORS 
Saxe System Welded Connection Units 
for welded assembly 
Sare Unus place in position and securely hold together structural 
parts to be welded. 

As used in many welded structures they eliminate all hole punch- 
ing producing an economical, rigid, safe and quickly erected struc- 
tural frame. 

“Write for 58 pg. Manual containing full engineering design 

information for welded structures.” 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2 Canada 
Canadian Representative 


the OAKITE STEAM GUN! 


ERE'’S an easy way to clean metal parts that are too 
large to be soaked in tanks or conveyed through 
washing machines. 


Just use the Oakite Solution-Lifting Steam Gun to apply 
an Oakite cleaning solution under about 40 pounds of 
steam pressure. Oil, grease and other dirts vanish quickly, 
leaving the parts ready for inspection, assembly, further 
machining, overhaul or repair . . . . The same gun may be 
used with Oakite paint-stripping solutions. 
FRE Write to Oakite Products, Inc., 18E Thames 
St., New York 6, N. Y., for illustrated folder 
F7338 containing more information about the various models 
of the Oakite Solution-Lifting Steam Gun and the many 
cleaning operations on which they are used with sub- 
stantial savings in time and money. 


Buy “PROVEN FLUXES” 
| Years of GUARANTEED SATISFACTION 
| Seed behind these GOOD 
“ANTI-BORAX” FLUXES 


Insist on them — Unequalled Quality 


No. 1 Cast lron Welding Flex 
No. 2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Brez-Cast Flux for Bronze Welding Cast Iron 
No 5&8 Cast & Sheet Aluminum Fluxes 
No.9 Stainless Steel Welding Flux 
No. Tinning Compound 
No. 16 Silver Solder Paste Flux 


INDUSTRIAL CLEANING MATERIALS - METHODS - SERVICE 


Mhs. By 
ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 


Technical Service Representatives Located in 
Principal Cues of Umited States and Canada 
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Radiography in industry meets widely vary- provides highest contrast and exceptional detail 

ing conditions—differences in density of ma- e under direct exposure or with lead foil sereens—has extra fine 

terials, in size of objects, in type of radiation, 

and in the capacity of the X-ray equipment 

available. : 

No one film, or even two could give best i 
radioyaphic results under all conditions. So has high contrast with greater speed. For study 
Kodak provides industrial X-ray film in four - of light alloys at lower voltage than practical with Type M, 
and at 1000 KV, for heavier parts than the finer grain film 
permits. Used direct or with lead foil screens. 


e grain, and speed is adequate for radiography of light alloys at 
¢ average kilovoltage and for much million-volt work. 


types. ° 

These afford the choice of speeds, contrast, if 


Offers highest available speed and contrast when 


e exposed with calcium tungstate intensifying screens. Film 


and graininess that assure dependable, uni- 
form results even under difficult situations. 


RADIOGRAPHY IN MODERN INDUSTRY e has wide latitude with lead screen exposure either to X-rays 
* or gamma rays. 
A wealth of invaluable ° 
data on radiographic 
has medium contrast. Chosen where speed is im- 
technies. Profusely I 
in RADIOGRAPAT rtant | -alci t state te sif ‘ > t 
illustrated with photo- anne at e portant and calcium tungstate intensifying screens are no 
e used. Especially advantageous in studying heavy steel parts 


graphs, colorful draw- 
ings, diagrams, and 
charts. Get your copy 
from your local X-ray 
dealer—price $3. 


by gamma rays, and for the fastest X-ray diffraction exposures. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 
“Kodak” is a trade-mark y. “ 


Radiography 


another important function of photography 


Rubber Lined Tanks 


4 58,400-gal. rubber-lined tank, largest 
ever built for installation in a river barge, 
is shown being lowered into the hold of the 
first five specially designed barges for 
carrying hydrochloric acid on the Intra- 
coastal Waterway and the Mississippi 
River and its tributaries. Dravo Corp. 
at its Neville Island Shipyard here is 
building the for Dow Chemical 
Co., Texas Div., Freeport, Tex. Each 
barge carries four of the huge welded 
steel, rubber-lined tanks. They are the 

first vessels ever specifically designed and 
built for transporting hydrochloric acid 


vessels 


A Million Aluminum Cans 


Using two General Electric Type WP 
Inert-Are Welders, the FE. 8. MacDonald 
Co., of Montreal, is completing an order 
which calls for 25,000 five-gallon aluminum 
Feans a week for a period of ten months. 
These cans are used for the trans- 
portation of acid from Montreal to a 
rubber plantation in the Malay States. 
The Canadian General Electric Co 
consulted on the problem, and four days 
later a procedure was established for 


to be 
Was 


HAVING A METAL 
PROBLEM? ASk Us 


EUTECTIC 


WELORODS 


“Eutectic Low Temperature Weldrods can solve 
it for you the modern way by joining metals at 
low heat — avoiding distortion, stress, worp- 
ing. overheating 


making sound, quality welds with 100% 
penetration. 

The material being welded is type 57- 
SH aluminum, 0.032 in. thick. A welding 
speed of about 26 in. per minute is main- 


Adjusting the electrode holder and 
travel carriage for making the longi- 
tudinal seam weld on the cans 


tained, using 5 liters of argon gas per 
minute at approximately 60 amp. Tung- 
sten electrode, of */-in. diameter, is used 


Big Tool Steel Die Ring Back 
in Service in One Day 


An automatic, four-operation, —pro- 
gressive type press, operating at 350 
tons per impression, broke down when the 
die ring cracked in three places. The 
ring is made of high carbon, high chrome, 
air-hardened tool steel, with 
diameter of 16 and x in. 

To avoid a delay of three weeks while 
the Tool Department completed a new 


outside 


die, this Ohio automotive manufacturing 
plant joined the breaks with Eutecrode 
16FC, a low-melting, copper-base 
high tensile, for all steel welding 
die was restored to service at the end of one 
day and is still in use, producing over 
700,000 plates since being repaired 

At the onset of the repair the break was 
ground out and lined up on the surface 
plate and found to be 0.005 in. off at the 
point of the worst break. The entire 
ring was preheated below 500° F., 1 
in. from the weld area, and sides 
tinned after fluxing. Breaks were joined, 
each break being completed before 
ceeding with next weld. The toolmaker 
found the entire die to be off only 0.003 
in. when finished, and this 
ground out, with no other after-machining 
necessary . 

The die ring was then postheated to 
400° F. for a short while to relieve stresses 
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Write to sole manufacturer — 

EUTECTIC WELDING ALLOYS CORP. DEPT.—C 
40 Worth Street 
Chicago, Cincinnati, Cleveland, Dallas, 

Los Angeles, San Francisco, etc 
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Detroit, 


America All« 


New York 13, N. Y. 


160 Field Engineers 
Everywhere 
to Help You 


Specialists 


News of the Industry 


SPECIALIZING IN “BETTER-BUILT” 


WELDING & SAFETY 
EQUIPMENT 


FOR OVER 25 YEARS 


There is a DOCKSON distributor near you. Name on request. 
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INCREASED PROTECTION 
BETTER WELDING 
LONGER LIFE 


NEW COVER 


All these features . . . 
at no extra cost 1@ 


1. Longer life use due to improvement 


= GENERAL ELECTRIC, Section 8 672-102 
2. Shop-tested by welders within our Soe Apparatus Dept., Schenectady 5, N. Y. 
own plant ‘ Please send me, without obligation, G-E Arc-welding Accessory 


3. Controlled baking period Catalog GEC-253. 


4. Careful attention to cleanli Company........ 


5. Treated on both sides Name..... 


Address 

For more detailed enegerceet see City State 
your local G-E Arc-welding Distributor, 
or fill out the coupon and mail it today. ARC WELDERS * ELEC TRODES e ACCESSORIES 
We will send you a copy of the easy- 
reference G-E Arc-welding Accessory 
Catalog. 


Copyright 1948, General Electric Co. 
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Big Three Appointments 


The Board of Directors of Big Three 
Welding Equipment Co., Ine., wish to 
announce that C. K. Rickel has been 
elected President of the corporation; 
H. K. Smith, Vice-President; A. Smith, 
Secretary; C. K. Rickel, Jr., Treasurer; 
and J. H. Morgan, Assistant Secretary 
and Treasurer. 

These changes were effective as of 
December 20th. 


Hartbower Receives Navy 
Commission 


Carl E. Hartbower, of 807 Xenia St., 
S.E., Washington, D. C., has accepted a 
commission as Ensign, Civil Engineer 
Corps, U.S.N.R., in ceremonies held re- 
cently at the Naval Reserve Training 
Center, Naval Gun Factory, Washington. 

Mr. Hartbower, who is 27, is presently 
employed as metallurgist in the Welding 
Section, Naval Research Laboratory, 
Bellevue, D. C., where he conducts re- 
search on the effects of metallic-are weld-. 
ing on metals used in Naval construction. 

A graduate of Worcester Polytechnic 
Institute, he received a B.S. in Mechani- 
cal Engineering in 1943. Before entering 
the Naval service on May 25, 1945, Hart- 
bower was employed for 27 months as a 
welding engineer at the Naval Gun Fac- 
tory. He was then transferred to the 
Naval Research Laboratory, Bellevue, 
as an apprentice seaman in the inactive 
Naval Reserve. Two months later, he was 
ealled to active duty and promoted to 
Chief Petty Officer. He was honorably 
discharged on July 1, 1947. 

Mr. Hartbower re-enlisted in the Volun- 
teer Naval Reserve, Potomac River 
Naval Command on Feb. 16, 1948, as 
Chief Specialist in welding. He later 
became a member of the Organized Naval 
Reserve Construction Battalion when it 
was organized last spring as part of the 
Naval Reserve training program at the 
Potomac River Naval Command. 

Ensign Hartbower is married and has 
three children: Carl, age 5; Annette, 
age 2; Daphne, age 1 month. 

Tue JourNAv has published 
several of his articles, including “‘A Re- 
view and Summary of Weldability Test- 
ing Low-Alloy High-Tensile Steels”; ‘An 
Investigation of the Effect of Welding on 
the Transition Temperature of Navy 
High-Tensile Low-Alloy Steels’ and 
“Auxiliary Tests on the Steels of I- 
Beams Tested in Flexural Impact at 
Columbia University.” 


A Record of Service 


What is believed to be a unique record 
in the annals of American industry was 
marked on December 15th when Charles 
Lukens Huston began his 74th year of 
continuous service with Lukens Steel 
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Co. Mr. Huston, grandson of Dr. 
Charles and Rebeeca Lukens, for whom 
the company is named, now in his 93rd 
year, started with the concern on Dee 
15, 1875, as a clerk and bookkeeper in its 
offices. Today, as first vice-president, 
he is still spry of foot and keen of interest, 
and he walks to his office daily from his 
nearby home. 


Mr. Huston studied first, the chemistry, 
and later, the metallurgy of iron and steel, 
thus supplementing his practical working 
knowledge of the metals, which proved of 
material assistance in the positions he 
subsequently held in the company and in 
the contributions he made to steelmaking, 
generally. 

When Mr. Huston entered the employ of 
the firm in 1875, it had about 120 workmen 
and its plant occupied a site of less than a 
dozen acres. He has seen it pioneer and 
develop from a producer of first, iron and 
later, steel plate to a producer of steel 
plate specialties, employing upward of 
5300 men and women, with a plant cover- 
ing 600 acres. 

Mr. Huston played an important part in 
this development. He is the patentee of 
several highly regarded inventions used in 
the manufacture of steel and he planned 
and designed Lukens’ four-high 206-in. 
Mill, world’s largest plate mill, and was 
largely responsible for the installation of 
the first head-spinning machine at Lukens, 
during the years (1882-1925) when he was 
in charge of plant operations. He was 
elected vice-president of Lukens in 1897, 
and from 1917 to 1925, he was vice-presi- 
dent and works manager. In 1925, he 
relinquished the position of works man- 
ager but continued as first vice-president, 
a position in which he still serves. 

Mr. Huston was born in Coatesville 
July 8, 1856, the son of Dr. Charles 
Huston and Isabella Pennock (Lukens) 
Huston, granddaughter of Isaae Pennock, 
a founder of the business. In 1895, he was 
married to Miss Annie Stewart, of Sa- 
vannah, Ga., and today their two sons are 
following in the footsteps of a line of 
iron and steel history makers. Charles 
Lukens Huston, Jr., is vice-president and 
executive assistant to the president, and 


Personnel 


Stewart Huston is secretary of Lukens 
Steel Co. Their only daughter, Ruth, is a 
missionary at Hyden, Ky. 


Jewett Joins Battelle Trustees 


Dr. Frank B. Jewett, formerly chairman 
of the board, Bell Telephone Laboratories, 
and formerly president of the National 
Academy of Sciences, has accepted an 
appointment as a member of the board 
of trustees of Battelle Institute, Columbus 

The new Battelle trustee is one of the 
outstanding research leaders of the era. 
A physicist and electrical engineer by 
training, he was associated with the 
American Telephone and Telegraph Co. 
and the Western Electric Co. in engi- 
neering posts during the period of the 
greatest technological developments in 
communications. 

In addition to his business affiliations, 
Dr. Jewett has had an illustrious public 
service record. He has served as vice- 
chairman of the board of the Engineering 
Foundation, as chairman of the Division 
of Engineering and Industry of the 
National Research Council, and as presi- 
dent of the National Academy of Sciences. 
During World War I, his specialized 
abilities were utilized by several com- 
mittees of the Navy and State Depart- 
ment, and during the recent war he was 
active in the work of the Office of Scientific 
Research and Development. He has 
been the recipient of numerous scientific 
honors and service awards, including the 
Edison and Faraday medals and the 
government's Distinguished Service Medal 
and Medal of Merit. 

Dr. Jewett received his Bachelor of 
Arts degree in 1898 from the Throop 
Polytechnic Institute, now the California 
Institute of Technology. His doctorate 
work, leading to the Doctor of Philosophy 
degree, was taken at the University of 
Chicago. He also holds fourteen honorary 
doctor degrees. 

Dr. Jewett began his professional career 
in 1901 as a research assistant to Prof. 
A. A. Michelson at the University of 
Chieago. He later served as an instructor 
in physies and electrical engineering at the 
Massachusetts Institute of Technology 
and in 1904 joined American Telephone 
and Telegraph as an engineer. Fight 
years later he became assistant chief 
engineer of Western Electric and by 1921 
had risen to the office of vice-president and 
chief engineer. From 1922 to 1935, he 
served as operating vice-president of 
Western Electric. In 1925, he was 
appointed vice-president in charge of 
development and research of A.T. & T 
and in the same year president of the Bell 
Telephone Laboratories. He served in 
the former capacity until 1944, and as 
president of Bell Telephone Laboratories 
until his appointment as chairman of its 
board in 1940. 


Coleman Names Bussard 
Chief Process Engineer 


E. A. Bussard has been appointed chief 
engineer of The Coleman Co.,_Inc., 
Wichita, Kan., manufacturers of gasoline 
pressure appliances and house heating 
equipment. 
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WELDING 
STAINLESS? 
O 


TO RESIST WHAT? 


HEAT? 

COLD? 

IMPACT? 

BENDING FATIGUE? 
CORROSION? 


WHAT KIND OF 
CORROSION? 


O 


NOW ONE MORE 
QUESTION: 


Are you using the best electrode or 
rod for your purpose? 

If you're not too sure, get in touch 
with your PAGE distributor. Either he 
knows or he can find out from the PAGE Field Service Man. And the PAGE 
distributor has a wide selection of Page-Allegheny Stainless Steel rods and 
electrodes, so that he can give you the one that will serve you best. 


ACC oO Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
/ py Philadelphia, Pittsburgh, Portland, 
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Boiler Inspection and Insurance Co., died 
suddenly at his home in West Hartford, 
Conn., December 9th. 

Mr. Halsey was born in Philadelphia, 
Pa., on Feb. 28, 1890. He received a de- 
gree in Mechanical Engincering from 
Swarthmore College in 1912. Before his 
association with The Hartford Steam 
Boiler Inspection and Insurance Co. in 
1920, Mr. Halsey was a design and main- 
tenance engineer for the Sharples Separa- 
tor Co. and the Baldwin Locomotive 
Works, and he served as professor of me- 
chanical engineering at George Washing- 
ton University for five years. During 
World War I, he was a technical adviser 
for the National Advisory Committee for 
Aeronautics. 


Bussard has been identified with the 
company for 24 years, and has held the 
position of welding engineer since 1940. 

He is a member of the resistance welding 
committee of the AmeRIcCAN WELDING 
Society and is past chairman of the 
Wichita Chapter. He is also active in the 
American Society for Metals. 

Bussard’s interest in welding dates back 
to 1925 when as a tank shop employee 
he was assigned to operate the first 
resistance welding equipment installed 
in the Wichita factory. 

Upon joining the engineering depart- 
ment he prepared and directed the com- 
pany’s first welding training program. 
During the war he was a welding instructor 
in the production training program jointly 
sponsored by federal, state and local agen- 


cles. 
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OBITUARY 
E. J. Rigby 


Some of the founder members of the 
American Society will learn 
with regret of the death of Edward Joseph 
Rigby of Melbourne, Australia, after three 
months’ illness, in his 00th vear. Mr. 
Rigby took an active part in the Socrery 
in its early years and was held in high 
esteem by all of his associates. 


William D. Halsey 


William D. Halsey, chief engineer of the 
boiler division of The Hartford Steam 


Mr. Halsey joined the Hartford Steam 
Boiler Co. on June 15, 1920, as editor of its 
technical magazine, The Locomotive. In 
1925 he was transferred to the engineering 
department with the title of mechanical 
engineer and was made assistant chief en- 
gineer of the boiler division on May 1, 
1930. His promotion to chief engineer 
came in January 1943. 

He was active in many engineering or- 
ganizations, among which were the AMERI- 
can WELDING Society and the American 
Society of Mechanical Engineers. He had 
served the latter organization as a member 
of the Boiler Code Committee since De- 
cember 1944. 

Mr. Halsey joined THe American 
WELDING Socrery in 1932. He was chair- 
man of the Committee on Standard Quali- 
fication Procedures, which prepared the 
Standard Qualification Procedure in uni- 
versal use today. He was also Chairman 
of the A.W.S. Committee on Pressure Pip- 
ing which collaborated in the preparation of 


the welding requirements for the A.S.A. 
Code for Pressure Piping. 

He served on a number of subcommit- 
tees of the A.S.M.E. Boiler Code Commit- 
tee, among them being Subcommittee on 
Welding, Issuance of Symbol Stamps, Co- 
ordination, Power Boilers and Unfired 
Pressure Vessels. He was also a member of 
the A.S.M.E. Special Research Commit- 
tee on vessels subject to external pressure 
and in addition served on many special 
committees. 

Mr. Halsey was also the author of a 
number of papers presented at A.W.S. and 
A.S.M.E. meetings. He also wrote nu- 
merous articles for both the /nspecters 
Bulletins and The Locomotive. 


W. F. Carson, Sr. 


William Franklin Carson, Sr., of 616 
Carpenter Lane, Mount Airy, a partner in 
the civil engineering firm of Carson and 
Carson, Commercial Trust Bldg., for 
nearly 30 years, died Dec. 11, 1948, in 
Germantown Hospital after a long illness 
He was 61. 

A graduate of Lehigh University in 
1908, he was a member of the Pennsylva- 
nia Society of Professional Engineers, the 
Kngineers Club of Philadelphia and the 
American Socrery, Philadel- 
phia Section, of which he was treasurer 

He was a member-at-large of the Phila- 
delphia Council, Boy Scouts of America, 
for the past 20 years. He was chairman of 
the troop committee of Troop 29 and of 
Sea Scout Ship Martin, both with head- 
quarters at the Summit Presbyterian 
Church of Mount Airy, of whose congrega- 
tion he was a member. He was an honor- 
ary member of the Order of the Arrow, 
Unami Lodge, a Boy Scout unit. 

A member of Theta Xi, he was a former 
president and vice-president of its alumni 
committee and aided in the founding of 
new chapters of the fraternity at Pennsyl- 
vania State College, the University of 
Pennsylvania and Lafayette College. A 
member of the Ocean City Yacht Club, he 
was one of the founders of the Great Egg 
Harbor Lightning Fleet. 

Besides his wife, Mrs. Marion LaRoche 
Carson, he is survived by two children, 
Mrs. Blanche C. Crooks and William F 
Carson, Jr.; four grandchildren; three 
sisters, Mrs. Laura C. Burns, of Hatboro, 
Mrs. Emma C. Gibb, of Moorestown, N 
J., and Mrs. Florence C. Nelms, of Ocean 
City, N. J., and four brothers, Walter C., 
his business partner; John T. and Robert 
J., both of Philadelphia, and Harold V., of 
San Diego, Calif. 
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orders now will have them filled. 
This volume is a veritable encyclopedia of information. 
imitation black leather covers and will contain a subject and authors index. 


PLACE YOUR ORDERS NOW! 


The 1948 Bound Volume of The Welding Journal will be available within a couple of 
However, only a limited number will be prepared so that only those who place 


Price $12.50. 


It will be bound in attractive 
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PACKAGED 
WELDING RODS 
eo” 


ACETYLENE 
GENERATORS 


| 
| use this single Source OF —_ 
to save yourself “TIME. an 


To get "the most for the least” out of any welding or cutting jeb, standardize 
on BURDOX products. They are produced by welding men who know from 
experience how to give you the best results...in the quickest time... at the 
lowest cost! Every BURDOX product provides the latest improvements, and offers 
outstanding quality at prices that mean real savings to you. BURDOX products 

b ding welding distributors. Get acquainted with the hun- 


y 
dreds of items in the BURDOX Line by sending for free new 68-page catalog. 


THE BURDETT OXYGEN COMPANY 
3302 Lokeside Avenue, Cleveland 14, Ohio 


Please send free copy of new 68-page catalog. 
FIRM 

NAME 

STATE 
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Annual Meeting 


The National Program Committee will 
hold its next meeting on Friday, February 
llth. From the suggestions already re- 
ceived there is every indication that the 
Annual Meeting which will be held in 
Cleveland during the week of October 16th 
will be one of the most outstanding in the 
history of the Society from the point of 
view of quality of papers. Every member 
of the Society was provided with an op- 
portunity to make suggestions for Annual 
Meeting papers. 


How to Start and Operate a 
Profitable Welding Business 


A new, 64-page booklet, How to start and 
Operate a Profitable Welding Business takes 
the reader through a step-by-step plan 
for starting and operating a job welding 
business. The book offers money-making 
suggestions for Job Welding Shops, 
Blacksmith Shops, Auto Repair Shops, 
Sheet Metal Shops, Machine and Tool 
Shops and Ornamental Iron Works. 
Each chapter covers an important part in 
the suceessful operation of a welding busi- 
ness, and numerous photographic illus- 
trations show what opportunities are 
available for the aggressive welding opera- 
tor. Send 10¢ (for postage and handling) 
to The Hobart Brothers Co., Hobart 
Square, Troy 1, Ohio. 


Induction Heaters 


A new catalog sheet issued by Electric 
Are, Ine., 152 Jeliff Ave., Newark, N. J., 
offers a complete listing of induction 
heaters and control instruments for 
preheating before welding and stress 
relieving after welding. 

The information contained on this 
sheet will be of particular interest to 
those firms who are interested in acquiring 
induction heating, stress relieving equip- 
ment and control instruments by pur- 
chasing or renting for field and shop 
heating of carbon and alloy steel pipe 
welds. 


Manual of Die-Head Thread 
Cutting 


This manual, by H. Schlarman, Former 
Manager, Thread Tool Division, Jones 
and Lamson Machining Co., Detroit Of- 
fice, is a practical guide on threads and 
threading for the small-tool supervisors, 
the trouble men, the toolroom and screw 
machine foremen or operators as well as for 
the drafting room. 

To the man engaged in any phase of 
thread cutting, it is an evervday reference 
book that identifies the threading troubles, 
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explains their causes, and gives practical 
corrective measures. It explains the fac- 
tors that comprise the chaser thread and 
their functions; the theory and practice of 
sharpening radial, tangent, or circular 
chaser; unusual adaptations of die heads 
and the setups; internal trips, their de- 
sign and use; how to diagnose thread 
troubles visually and by gaging; and 
threading troubles, their causes and cor- 
rective measures required. 

The Manual of Die-head Thread Cutting 
will help shopmen help themselves out of 
common thread-eutting troubles and elimi- 
nate machine down time occasioned by wait- 
ing for a manufacturer's service engineer. 

Published by MeGraw-Hill Book Co , 
330 W. 42nd St., New York 18, N. Y. Price 
$3.50. 


Electrode Holder 


New 12-page Twecolog, Form No. 7, 
illustrates the complete line of Twecotong 
and Hol-Grip electrode holders, redhead 
ground clamps, cable connectors, ter- 
minal connectors, cable splicers, Tweco- 
lugs and carbon electrode holders. New 
six-bracket quantity price schedule and 
parts information is included. Contains 
valuable information about the main- 
tenance and care of electric welding cables, 
connections, grounds and holders. Mailed 
free to interested in the electric 
welding process. Write to Tweco Pro- 
duets Co., P. O. Box 666, Wichita, Kan. 
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Spectral-Transmissive 
Properties and Use of 
Eye-Protective Glasses 


Conservation of eyesight is one of the 
foremost problems confronting safety en- 
gineers today. They have found that pro- 
tection of the eves from excessive exposure 
to radiant energy is as important as pro- 
tection from mechanical injury. Informa- 
tion on the transmissive properties of most 
of the widely distributed makes of tinted 
lenses is now available in a new circular, 
Spectral-Transmissive Properties and Use 
of Eye-Protective Glasses, recently issued 
by the National Bureau of Standards. 

This publication is the result of a study 
of the spectral-transmissive properties of 
about 200 glasses intended for use either 
as sun glasses or in special industrial oper- 
atiots where injurious amounts of radiant 
energy are present. Extensive considera- 
tion is given to elimination of glare, color 
distortion, use of glasses for night driving, 
standardization of glasses for outdoor and 
industrial purposes and the spectral-trans- 
missive properties of glasses for use under 
various types and intensities of ultraviolet, 
luminous, and infrared radiation. It is 
proposed that sun glasses be grouped into 
three or four shades having luminous trans- 


New Literature 


mittances of 60, 35, 25 and about 10%, 
respectively, values that correspond 
roughly to those for the industrial shades 
numbered 1.5, 2.0, 2.5 and 3.0. 

National Bureau of Standards Circular 
C471, Spectral Transmissive Properties 
and Use of Eye-Protective Glasses—34 
large 2-column pages, 93 figures, can be ob- 
tained from the Superintendent of Docu- 
ments, U. 8. Government Printing Office, 
Washington 25, D. C., at a cost of 20 cents 
a copy. 


Nelson Standard M-G Studs 


Illustrated 4-page price list contains 
dimensions and new low prices on the 
recently announced line of 60 standard 
M-G studs, specially designed for end 
welding with the Nelson automatic stud 
welding gun. Range covers diameters 
from '/, to '/, in. and lengths from 1 to 


in., all available for immediate 
delivery. Bulletin also shows partial 
line of special-purpose studs. Nelson 
Stud Welding Div., Morton-Gregory 


Corp., Lorain, Ohio. 


Inventory Listing 


Inventory (32 pages) listing more than 
1500 types, sizes and styles of Nelson 
flux-loaded studs available for immediate 
delivery. Can be obtained from Nelson 
Stud Welding Div., Morton-Gregory 
Corp., Lorain, Ohio. 


New Transformer Catalog 


In an attractive presentation, the 
Eisler Engineering Co., Inc., Newark, 
N. J., has just issued a new 26-page 
Transformer Catalog, No. TR-49, with 
over 135 illustrations covering in system- 
atical arrangement the development and 
results of 28 years of management and 
specialized engineering experience in the 
design and manufacture of Transformers 
from '/, up to 400 kva. and potentials up 
to 15,000 volts, for every class of service. 

Exemplified in numerous pictures and 
diversified applications are the general 
purpose specialty transformers for heating, 
welding, soldering, phase-changing, auto, 
testing, ete., and special transformer 
types of electronic devices, for Neon 
sign making, for the radio tube industry, 
ete. 

The catalog is available free upon re- 
quest on letterhead. 


Gas Welding and Cutting 


“Gas Welding and Cutting: A Prac- 
tical Guide to the Best Techniques,’’ by 
C. G. Bainbridge, M.1.Mech.E., M.Inst.- 
W. Published on Dec. 6, 1948, at 15/- 
(postage 6d) by The Louis Cassier Co. 
Ltd., Dorset House, Stamford St., Lon- 
don, 8.E.1., size D8vo (8'/2 x 5'/2 in.). 
305 pages, 186 illustrations and 55 tables 
Cloth bound with jacket. 

A knowledge of welding cannot be ac- 
quired from textbooks alone, but a clear 
understanding of the underlying principles 
of methods and techniques involved is es- 
sential if a welder’s work is to be entirely 
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All sub-assemblies of this 
6-story galvanized iron 
ventilator stack were posi- 
tioned for welding and 
turned toward welder. The 
operator held electrode 
slightly off-center in di- 
rection of rotation. 


Ivanized metal 


on g@ trode 10 


Ampco 


Burn-off of the coating ad- 
jacent to the weld was held 
to a minimum. The weld 
deposit itself is rust-proof. 


Profit from the experience of a 
large southern producer of gal- 
vanized and light-metal fabrica- 
tions. This company found it could 
do a better job on a six-story gal- 


The braze-welded bond is as 
the 


vanized ventilator stack — saving strong and ductile as 

both time and money — by weld- galvanized iron base-plate. 

ing with Ampco-Trode 10. Undercutting and resulting 
The stack was made of 11- weaknesses were eliminated. 


No back-up strip was re- 
quired. The low melting 
point of the weld metal gave 
penetration sufficient to pro- 
duce a small, uniform in- 
side bead for a sound weld. 


gauge galvanized iron. Welding 
(in preference to riveting) saved 
time and metal weight. Using 1" 
Ampco-Trode 10 electrodes (in 
preference to steel) gave them 
four additional advantages: 


© 
© 


Other Ampco bronze electrodes such as Phos-Trode and 
Sil-Trode can also give you simple, successful welds (smooth, 
free from pitting and porosity) on galvanized pipe, depend- 
ing on your service requirements. Ask your Ampco distribu- 
tor for his recommendations on your specific needs today, 


Ampco Metal, Inc. 


® 
Dept. WJ-2 * Milwaukee 4, Wisconsin 


FREE! Complete information on 


Ampco-Trode welding electrodes! 


Please send me a free copy of 8 pp. Bulletin W-17, 


Position 
Company 

Street Address 

State 


Sold in Principal Cities by Leading Distributors 


THE 
WELDING 


JOURNAL 


The Publication Committee 
has instructed the Editor to 
add a special section in The 
Welding Journal each month, 
under some departmental 
heading as “Practical Welder 
and Designer.”” The nucleus 
of this special section will be 
one article each month of not 
more than four pages nor less 
than two which will give 
practical information on how 
to do a specific job, covering 
as many of the following topics 


as possible: 


1. An exact procedure with 
illustrations of how to do 
the job. 


2. Detail information as to 
design. 


3. Full information on weld- 
ing procedure or fabri- 
cation details. 


4. Testing and inspection. 


The Publication Committee 
has set aside $50 each month 
for payment of accepted ar- 
They 


should be written preferably 


ticles of this nature. 


by one who has followed the 
specific application in detail. 
Clear photographs or charts 
will be helpful and should be 
utilized. 


quick and easy with | 4 

| 

| | 

| : 
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successful. Today the scope of welding 
applications is almost unlimited and weld- 
ing tends to become a matter of speciali- 
zation, so that a comprehensive view of the 
whole range of equipment, methods and 
processes available is often difficult to ob- 
tain—hence this book. 

This book is not intended to be a review 
of industrial employment of welding and 
cutting, except where it is desired to show 
particular point of procedure, and more 
attention has been paid to the desirability 
of providing essential and instructive il- 
lustrations of technique and methods. 

The result is a textbook which provides 
a range of practical information not hith- 
erto obtainable in one volume, and cover- 
ing most of the applications of gas welding 
and cutting. It is a book for the practical 
welder, and for those responsible for gas 
welding and cutting operations involved in 
the fabrication, repair or maintenance of 
metal parts, or the installation of piping 
and other equipment. Throughout, the 
author has provided for needs of the stu- 
dent and instructor. 


Are-Welding News 


Volume V, No. 4, Hobart Are-Welding 
News, a 24-page booklet chock-full of 
interesting photographs and articles on 
welding from all over the country, is now 
being mailed. 

This publication is mailed free of charge 
to anyone interested in are welding and 
will be mailed immediately on request to 
the publisher, The Hobart Brothers 
Co., Troy 1, Ohio. 


Svetsteknisk Handbok 


Svetsteknisk Handbok, published by 
Bokforlaget Natur och Kultur, Stoeck- 
holm, Sweden, 1947 (120 Kronor). 

A copy of Svetsteknisk Handbok, the 


\ Swedish Welding Handbook, has recently 


_ been received in this country. It 


is a 
remarkable piece of work, from the view- 
point of excellence of technical content 
and manner in which the material is 
presented. It is published in the form 
of two leather bound volumes, each con- 
sisting of the order of 700 pages. Volume 
I contains thirteen chapters devoted 
largely to nomenclature, processes and 
metallurgy. Volume II contains sixteen 
chapters devoted largely to tests, weld 
stresses, properties of joints, standards 
and the various fields of welding applica- 
tion. The various chapters were written 
by some forty Swedish welding specialists 
under the editorship of H. Swedenborg 


and his associates, O. Forsman and EF. 
Pelow. 

In the main the chapter authors write 
in strict handbook style, classifying and 
arranging information and providing key 
diagrams, data and explanations practical 
and theoretical. Chapters 26 and 27 
on welding standards are particularly 


good in this respect. These chapters 
deseribe Swedish standards for filler 
metal, weldable steels, and allowable 


stresses, and also the standards of Norway, 
Denmark and, to some extent, other 
countries. In this connection it may be 
pointed out that Swedish welding engineers 
place a good deal of reliance on a test 
specimen called the “drilled tensile 
specimen.”” Two */\¢-in. holes are drilled 
through the butt weld of a transverse 
tension specimen. The tensile strength 
and elongation are used as specification 
values. In view of the importance 
attached to this specimen in Sweden, 
where it is regarded as a gage of behavior 
under stress concentrations, some research 
on it might be worthwhile here. 

Two chapters deserving special mention 
are Chapters 8 and 9 by E. Helin and 
collaborators on welding metallurgy and 
the welding of steel. These two chapters 
cover nearly 200 pages and are a book in 
themselves. The treatment is funda- 
mental and advaneed, while the micro- 
graphs and macrographs used to illustrate 
the text are of a high order. 

The fact that the handbook was pub- 
lished in 1947 explains the brief two- 
page discussion of inert-gas-shielded arc- 
welding, as well as the absence of data 
on one or two other more recent welding 
developments. : 

Since the Svetsteknisk Handbok is 
written in Swedish, it is of greatest in- 
terest to persons having a reading knowl- 
edge of that language. However, the 
many fine illustrations make it of great 
interest to all persons interested in welding. 
It makes a fine addition to any welding 
library. 


Design for Welding 


Design for Welding, published by The 
James F. Lincoln Are Welding Founda- 
tion, Cleveland 1, Ohio, contains over 
1000 pages, 5'/. x 7'/> in., profusely illus- 
trated with photographs, drawings, tables 
and cost data and bound in semiflexible 
simulated leather covers. Price $2.00, 
postage prepaid in the United States; 
$2.50 elsewhere. 

A significant record of the progress of 
are welding throughout all industry during 
the postwar years is contained in the 
new book, Design for Welding, just pub- 


lished and made available by The James F. 
Lincoln Are Welding Foundation, Cleve- 
land 1, Ohio. 

The book is composed of abstracts of 
82 award papers in the recent Foundation 
“Design-for-Progress’” Award Program. 
The papers were selected and edited by 
Prof. R. 8. Green, Acting Chairman of the 
Department of Welding Engineering of 
the Ohio State University, Columbus, 
Ohio. 

In the preface of the book Professor 
Green states that he has prepared the 
book with the purpose of making available 
a record of representative welded designs. 
He has placed emphasis on projects 
produced and in operation with the ob- 
jective of providing engineers and industry 
generally with a variety of ideas which 
may be adaptable to their own products 
or structures. The book contains a 
liberal presentation of cost data on the 
various designs which afford a sound 
means of making a comparative study of 
methods. 

Professor Green also calls attention to 
the present trend in the development 
of welding applications as evidenced by 
these papers. More papers speak of 
welding as used on production items rather 
than as applied to single units. Many 
of the papers deseribe the application of 
welding directed to the reduction of 
manufacturing costs and the improve- 
ment of quality and performance. 

This interest in improving existing 
welding applications, Green points out, is 
the natural outcome of the widespread 
use of welded construction in many 
fields. 

Papers included in the book, Design 
for Welding, are classed into the following 
categories: Aircraft, Automotive, Rail- 
road, Watercraft, Containers, Furniture, 
Structures, Machinery and Welderies. 
Each section contains papers describing 
outstanding accomplishments in that 
particular field. The Machinery and 
Structures sections are especially strong 
and the quality of the papers evidences 
the advance in design in these fields. 
The book contains over 1000 pages of text 
material, profusely illustrated with photo- 
graphs, drawings, tables, as well as cost 
data. 

Assisting Prof. Green were associate 
editors Prof. Deuglas C. Williams and 
Prof. Charles B. Smith, both of the Ohio 
State University, in addition to numerous 
consulting editors chosen from industry 

Design for Welding is bound in semi- 
flexible simulated leather covers and is 
available from The James F. Lincoln 
Are Welding Foundation, Cleveland 1, 
Ohio. Price $2.00, postage prepaid in the 


United States; $2.50 elsewhere. 
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LUKENS 


Lukens Flanged Only Head, 15’ 
3” OD., made from two different 
gages of steel; and | yy 


Heads four 


thicknesses up to six inches—Heads of any shape, from 


inches in diameter to over twenty feet: 


single-gage flat heads with straight flanges to complex 
multiple-gage heads, complete with flues and manholes 
—Heads of any commercial metal; carbon and alloy 
steels. including stainless, nonferrous metals and the 
widest range of clad steels available anywhere. Lukens 
makes them all! 

Many sizes of Standard and ASME Flanged and 
Dished Heads are in stock, ready for prompt shipment. 
Hundreds of dies are available for making other styles 
and sizes, usually permitting us to ship heads within a 
short time after your order is received. 

3.868 Heads are described in Lukens Catalog No. 1; 
stock heads, in Bulletin 433. For copies and for a quota- 
tion on your head requirements, write Lukens Steel 
Company, 407 Lukens Building, Coatesville, Penna. 


“Head Work", o 16mm motion picture in sound and color, on spinning and pressing of Lukens 


Heads is available without charge. Running time: 27 minutes. Write for a booking date. 
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FOUR INCHES TO OVER TWENTY FEET IN DIAMETER 
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N the open-pit nickel mines at Copper Cliff, 
Ontario, Diesel trucks haul 32-ton ore loads 
up steep, winding roadways. After several 


) thousand hours of this severe service, failures develop 


in castings and engine parts. 


A serious type of failure is the cracking of cast iron 
cylinder blocks. New engine blocks cost $644.09 each 
.+.a price that makes the prospect of repairs very at- 
tractive. 


In the past, damaged blocks have been repaired by 
oxy-acetylene welding, a relatively critical and time- 
consuming process. But recently, repairs have been 
made with metal-arc welds, using Ni-Rod* electrodes. 
This technique has been completely successful, and 
the use of Ni-Rod electrodes has given excellent weld 
quality and has cut welding time. 


Here are three typical case reports on repairs made 
with Ni-Rod: 
“1. Block broke in crank chamber after 9381 hours of 


service. A patch was welded in with Ni-Rod. Since the 
repair, the block has operated 2064 hours and is still 
in good condition. Cost of welding was $12.75. 


Crank shaft failed after 1746 hours. The broken end 
engaged the main bearing shells, turning them in the 
block, heavily scoring the saddle. Repairs were made 
by machining the bearing area to .100-inch oversize, 
building up with Ni-Rod, and finally machining to 
correct size. This prolonged the engine life by 4087 
hours. Cost of the entire repair was $40.60. 


Crank shaft failed after 4540 hours, causing damage 
similar to that described in Case 2, above, and was 
repaired the same way. The engine is still in opera- 
tion 1369 hours after the repair. The cost of repair 
was $42.50.” 
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The three blocks described have a total replacement 
value of $1,932.27. Subtracting the repair costs, there 
is a net saving of $1,836.42, and a gain of more than 
7520 hours of operating service. 

Maintenance stories such as these...three of hundreds 
in our files ...show why 4 out of 5 shops re-order Ni-Rod, 
once they’ve tried it. If you are not yet familiar with 
Ni-Rod’s outstanding advantages, why not order a pack- 
age today? Your nearest INCo distributor stocks Ni-Rod 
in 3/32”, 1/8”, 5/32”, and 3/16” diameters. 

Send for your free copy of: “NJ-ROD—A New Elec- 
trode for Any Cast Iron Welding.” 


The Frood Stobie Mine, Copper 
Cliff, Ontario, operated by The 
International Nickel Company 
of Canada, Ltd. 


| 


One of the Diesel-powered 
trucks used for ore hauling at the 
Frood Stobie Mine. The truck 
maintenance department has 
standardized on Ni-Rod elec- 
trodes for cast iron repairs. 


HERE’S WHAT NI-ROD GIVES YOU 


in usefulness 


in performance in weld quality 


— Stable arc in all positions — High-strength deposit — General repair and mainte- 
nance of cast iron parts, includ- 


—<ane oan — Thorough fusion — Quick remedy for minor flaws 
— Easy slag removal — Freedom from cracks and in new castings 

— Preheating seldom required porosity — Correction of machining errors 
— Works on both AC and DC — Close color match — Assembling cast iron to steel 


EMBLEM OF SERVICE 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. *Reg. U. 8. Pat. Of 


mate 
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Internally Fluxed Copper 
Gas Welding Rod 


A new internally fluxed gas welding 
rod for welding deoxidized copper is 
offered by Arcos Corp., Philadelphia, Pa. 

The self-fluxing property of “Silbrax”’ 
prevents repeated rod oxidation and hence 
faulty weld metal. Because “Silbrax”’ 
is fluxed internally, the heat is applied 
first to the metal and then transmitted 
to the flux. “‘Silbrax,”’ therefore, keeps a 
proper balance at all times between 
melting metal and flux. 

“Silbrax” is also used as a filler rod for 
carbon and inert are welding. 

Samples will be sent upon request to 
Arcos Corp., 1500 8. 50th St., Philadelphia 
13, Pa. 


Farm Welder 


A new small welder of 5 to 180 amp., 
suitable for the farm, home, garage, 
blacksmith shop, plumber, sheet metal 
shop, farm implement dealer, job shop, 
machine shop and factory maintenance, 
has been placed on the market by the US 
Eleetrie Welder Corp., 1258 Dorr St., 
Toledo 7, Ohio. 

The compactness of the US Model 
200 Are Welder makes it convenient and 
easy to handle around any type of job. 
It measures only 21 in. long, 14 in. wide 
and 22 in. high. This welder only draws 
30 amp. from the power line and its step- 
less control provides more than 200 heat 
selections. [t operates on single phase or 
on one leg of two- or three-phase lines 


Electronic Spot-Welder Control 


Class 8092 electronic combination units 
are the latest addition to Square D 
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Company's complete line of resistance 
welder control. These new electronic 
controls include N.E.M.A. type 3B timers 
and ignitron tube contactors for complete 
control of spot welders. 

The timer uses no sequencing relays 
and will operate at repeat speeds of over 
400 welds a minute. The simple six- 
tube circuit cancels out operating delays 
of valve and firing relays. Hold time 
settings down to one cycle make it possible 
to get faster mechanical operation of the 
welder. 


Regulated D-C. timing circuits insure 
accuracy for line voltage variations as 
great as plus or minus 10%. Firing 
relay operation is coordinated with A.-C. 
line supply to give a consistent starting 
point for each weld and to insure full 
eveles of welding current. This feature 
improves performance by avoiding high 
transient currents and transformer satura- 
tion. 

The timer can be connected for either 
common or separate control supply of 
115, 220 or 460 v., 50 or 60 eveles. The 
separate contactor panel accommodates 
sizes A, B or C ignitron tubes. 

For further information regarding this 
control, write the Square D Co., 4041 


New Products 


N. Richards St., Milwaukee 12, Wis. 
Request Bulletin 214. 


450-Watt Thermo-Grip 
Soldering Set 
Ideal Industries, Inc., Sycamore, IIl., 
announces a new light-duty “Thermo- 


Grip” soldering tool that operates on the 
resistance heating principle. 


Touching the work with the soldering 
tool completes the secondary power 
circuit and causes the part touched to 
heat almost instantly. A handy thumb 
switch permits close heat control. The 
“Thermo-Grip” conserves power, drawing 
current only when the soldering tool is in 
direct contact with the part to be soldered 
It is ideal for use in inaccessible places 
and inflammable surroundings. 

A complete set of soldering tools or 
attachments for handling all types of 
work includes a “plier’’ attachment for 
sweating and unsweating copper tubing, 
soldering lugs, terminals and other work 
of that type; a “fork’’ attachment with 
two 3 in. electrodes for reaching into res- 
tricted places such as in switch boxes, 
electrical tools and equpment; a ‘pencil’ 
attachment with one 3-in. carbon elec- 
trode for spot soldering and light seam 
soldering. 


Hy-Lo Electrode 


The Champion Rivet Co., Welding Divi- 
sion, Cleveland, Ohio, announce their new 
Hy-Lo Electrode A.W.S. E7015 for the 
welding of high-sulphur, high-carbon, 
low-alloy high-strength and hardenable 
steels. 

Hy-Lo can also be used to weld parts 
that are to be galvanized or porcelain en- 
ameled, steel of doubtful analysis, man- 
ganese or spring steel to mild steel, loco- 
motive frames and flexible staybolt sleeves, 
ete. 

In addition to this Hy-Lo with excellent 
X-ray qualities and physical properties 
far exceeding A.W.S. Class £7015, Cham- 
pion also supplies this Electrode in the 
higher tensile ranges of A.W.S. ESO15, 
£9015 and E10015. 

If you have hard-to-weld steel jobs or 
weld failures with other types of electrodes 
we suggest that you try Champion Hy-Lo 
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One of four Fractionating Towers welded 
with New Arcaloy Type 316-ELC electrodes. 


An Alloy Rods Co. customer for 10 years, the Steel and Alloy Tank Co. of Newark, N. J., needed 
a type 316 analysis electrode with carbon deposit of .03% max. in the weld! The result is the new 
Arcaloy Type 316-ELC—which produces stainless steel welds with the lowest carbon deposit in 


welding history! 
This new electrode was used in the construction of four fractionating towers (one shown 


here) ... each 59 feet long, 6 feet in diameter, with 14 inch walls. With 
Arcaloy Type 316-ELC, the welds had increased high resistance to | 
corrosion ... extremely important in this application, 

Arcaloy Type 316-ELC is the result of Alloy Rods Co.’s continuing Allo 
research and development which helps you by constantly improving Y 


standard electrodes and developing new and better ones. For more 


specific information on Arcaloy Type 316-ELC, or any other Alloy Rods 


Co. electrodes . . . for welding stainless steel, mild steel, cast iron, tool 


steels and various alloys, write today to: Alloy Rods Co., Department 


C-3, York, Pennsylvania. 


* Extra Low-Carbon. 


Look for the FLAMING-ARC Trademark 


3 
ARCALOY TYPE 
A 
ds 
York, Pa. 


position 


Chipping Tool Has 
Replaceable Bits 


\ new weld chipping hammer is an- 
nounced that makes replacement of worn 
bits practical for the first time. ‘“‘Re- 
Bit” has been adopted as the model name. 

Atlas Welding Accessories Co., 707 FE. 
Lewiston, Detroit 20, Mich., manufac- 
turers of the new tool, advise that no balls, 
springs, screws or clamps are used and that 
a simpler taper locks both bits securely in 
the head in any position desired. 

Redesign of the blades has been incor- 
porated to provide better visibility, longer 
life, easier access to tight spots and a wider 
chipping edge. 

“Re-Bit’’ Tomahawks are offered in 12- 
and 16-oz. weights with a choice of Flex-o- 
steel or wood handles. 


Electrode for Welding Monel. 
Monel Clad, and for 
Overlaying Steel 


Arcos Monend 806 eleetrodes produce 
X-ray quality welds on Monel, Monel 
clad and steel. Monend 806 eliminates 
the necessity of depositing a buffer layer of 
nickel. 

Monend 806 has a spray type are of 
excellent stability, which facilitates all- 
welding. Free-bend specimens 
exhibit high elongation values, dormally 
50% or higher: typical weld metal yield 
strength is 42,500 psi. and tensile strength 
75,500 psi. . 

Further details and samples will be sent 
upon request to Arcos Corp., 1500) 3. 
5Oth St., Philadelphia 43, Pa. 


TRANSFORMERS 

For Furnaces, Lighting. Distribution. Power, Auto 

Phase Changing Welding, and Special Jobs. 
AIR OIL, and WATER COOLED. 


779 South 13th St. 


(Near Avon Ave.) 


OF ALL TYPES 

1/4 TO 300 KVA. 

FOR MANUAL, AIR, MOTOR, 
OR ELECTRONIC OPERATION 
also BUTT, ARC, and 

GUN WELDERS 


SPOT WELDERS 


Sizes 1/4 to 300 KVA. 
CHARLES EISLER 

EISLER ENGINEERING CO., INC. 

NEWARK 3, N. J., U.S.A. 


Brush on Multi-Pic 
Weld Hammer 


A unique type of wire brush for whisk- 
ing away loosened slag, oxides and rust 
from welded parts has recently been in- 
corporated into the handle of the Bernard 
Multi-Pie Weld Cleaning Tool. Espe- 
cially designed to reach into the deepest 
corners and crevices, and made from sturdy 
crimped, oil hardened wire, this new brush 
is exceptionally long and can be used to 
the very tipend. The handle of the Multi- 
Pic tool contains a cavity into which the 
Repeater brush is inserted. To adjust the 
brush as wear progresses, a flat head 
serew which holds the shank of the brush 


is removed, another usable portion of the 
brush drawn out to the next adjustment, 
and the screw again inserted. Five such 
adjustments are provided and hence the 
brush will wear five times longer than an 
ordinary brush. New Repeater Brushes 
are available packed three to a box. 
Multi-Pic Weld Hammers with Ke- 
peater Weld Cleaning Brushes are manu- 
factured by Bernard Welding Equipment 
Co., 741-743 EF. 71st St., Chieago 19, IL. 


Goggle Cushions 


The AO Panoram goggle is now avail- 
able with rubber cushions to provide extra 
wearing comfort, American Optical Co. of 
Southbridge, Mass., announces. 

The company states the cushions are 
molded to the exact shape of the Panoram 
evecup and can be slipped into place very 
easily —with no need for stapling, sewing 
or cementing. Onee in place, they stay, 
but can be replaced in a few seconds. 

Made of soft, pliable, nontoxic, Neo- 
prene sponge rubber, the cushions assure 
extra protection against dust and flying 
particles 


The company also announces a new, 
pouch-type plastic case to protect Pano- 
ram goggles from scratches, dust and dirt 
when the goggle is not in use. The case 
has heavily stitched, reinforced edges and a 
flap with a snap hook. Large enough to 
completely enclose the goggle, the case is 
so flexible that it can be tucked away in a 
worker's pocket or other small space. 


Wire Welding Machine 


An outstanding example of a special 
production machine was developed by 
pooling the knowledge of a wire fabrication 
manufacturer and the practical use of 
resistance welding. 


This machine, designed and built by 
Sciaky Brothers, Inc., of Chicago, con- 
tains 12 welding pressure heads with die 
blocks, each arranged for welding one or 
more wires simultaneously so that logi- 
tudinal wires of any spacing from !/\« 
in wire spaced '/,-in. center to center, 
to °/-in. wire spaced center to 
center, and a maximum spacing of 12 in 
in each case, may be welded with no 
adjustment of the electrode or the heads 

By use of the Sciaky patented “Three- 
Phase” system, uniform current distribu- 
tion is obtained over all the die blocks 
and a direct weld is made which permits 
the loading of the cross wires from above. 


TIP CLEANING DRILLS 
Mounted in Knurled 
BRASS Handles 


« 
LARGE STOCK 
PROMPT DELIVERY 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 1546, Santa Fe, N. M. 


New Products 
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You 


MONEL... 


MONEL CLAD 
or 
OVERLAY «ti MONEL 


ry the new im proved 


ARCOS MONEND 806 


ARC WELDING ELECTRODE 


CONSIDER THESE UNUSUAL PROPERTIES 
@ X RAY QUALITY WELD METAL 
@ TYPICAL WELD METAL AS WELDED 
Yield Strength 42,500 psi. 
Tensile Strength 75,500 psi. 


Elongation in 2° 42% 
Reduction of Area 60% 


@ MONEL CLAD ('2"—20% CLAD) 
Typical Free Bend Elongation— 53.7% 


@ OVERLAY (3% MILD STEEL BASE) 
Typical Free Bend Elongation—51.5% 


SEND FOR FREE SAMPLES 


Address your inquiries to Dept. S. 
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The cross wire is loaded automatically 
and the longitudinal wires are indexed 
automatically with an adjustable spacing. 

Because of the ““Three-Phase” system, 
the maximum power demand is greatly 
reduced and balanced on the three phases 
of your power supply with a power factor 
of at least 85%. 


Flash Welder 


\ new development in a push-button 
flash-butt welder especially designed for 
pipe and tubing. 

Welding heads are swivel mounted so 
that two pieces can be butt welded or 
flash-butt welded at an angle. The 
ends are cut square for both types of 
welding. 


Action is entirely automatic and is con- 
trolled by micro switches. One button 
does all the work, although, for testing 
purposes, the movements ean be initiated 
separately. 

Fach clamping jaw has its own foot 
valve and air cylinder with pressure regu- 
later. The upset action has its own 
supply and controls, 

Transformer has a number of heat tap 
settings and is fully protected so that 
upset metal cannot reach it. 

Manufactured by Rex Welder 
Engineering Co., Kansas City, Mo. 


and 


Jumbo Pressure Cooker 


Jumbo Pressure Cooker 


As big as a box car, this jumbo version 
of the housewife’s pressure cooker has been 
shipped to Firestone Tire and Rubber 
Co. of California. It measures 43 ft. 
in depth and 12'/, ft. in diameter. In it 
will be processed the largest self-sealing 
rubber fuel cells now being a development 
of Firestone Tire and Rubber Co. 

Not only is this the largest pressure 
vessel of its type to be built in the West, 
it is one of the world’s largest rubber 
curing chambers. Of A.S.M.E. approved 
electric welded construction, it is built 
to withstand 100 lb. working pressure or 
full vacuum. United Welding & Manu- 
facturing Co., a division of Harris Enter- 
prises, Inc., Los Angeles manufacturer of 
industrial, chemical and food processing 
equipment, is the designer and fabricator. 

The determining factor in the selection 
in the United Welding vessel was the 
quick opening safety door feature, an 
exclusive development of United Welding 
and Manufacturing Co. 

In order to load and unload the vessel 
rapidly, one entire end of the chamber 
must be opened, requiring a large door, 
12 fit. 6 in. in diameter. Such pressure 
vessel doors must completely seal the 
chamber for both pressure and vacuum. 
Many rubber or chemical retorts employ 


Black and White 


NET MONTHLY ADVERTISING RATES 
Effective July 11, 1947 


pace Three 
Insertions 


Insertions 


Six Twelve 
Insertions 


*Full page $165 


$150 $140 


Two-thirds page 120 


110 100 


Half Page 95 


85 80 


Quarter Page 58 


55 50 


Eighth Page 35 


30 28 


*Inside Preferred 205 185 


170 160 


10% Extra for bleed full pages. Color 


extra per color added 
Agency Commission —15% 
Cash Discount — 2%, 10 days 


New Products 


Time Counts 
Gas cut and Weld with 


laborious opening and closing methods 
In contrast, this door, called the Harris 
Quick-Opening Safety Door, opens or 
closes, sealing or unsealing completely in 
approximately 35 sec. Harris doors up 
to 6 ft. in diameter will open in the 
remarkably fast time of 4 sec., will close 
in 2 see. 


Press 


The Warco Press Division of The Fed- 
eral Machine and Welder Co., Warren, 
Ohio, has recently designed and built a 75- 
ton press capable of producing a great 
number of stampings accurately and 
continuously at high speeds. This press 
is of welded and stress-relieved steel con- 
struction with hand-fit square gibbing to 
assure accurate alignment. 

Auxiliary equipment on this press in- 
cludes a Warco Precision Double Roll 
Feed designed for high-speed operation 
and incorporating the following features: 
All moving parts are designed to keep 
weight to a minimum consistent with 
strength and rigidity requirements, which 
results in greater feeding accuracy. Infi- 
nite variation is possible in feed lengths, 
from zero to maximum. Synchronized 
scrap shear is provided if required. The 
height of feed line is easily adjusted. The 
stock oiler is also a built-in feature 


PRODUCTS 
EMPIRE STATE BUILOING, NEW YORK 1 
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ERE is a handy data sheet that 

can help you get good results 
in Gas Welding, Arc Welding or 
Furnace Brazing. It lists the differ- 
ent types of jobs you might want 
to do and shows which Revere 
Welding Rod will give best results 
in each use. This data sheet is free 
for the asking—write for your 
copy today. 


Revere Welding Rods are among 
the many copper and copper alloy 
products made by Revere Copper 


and Brass Incorporated. As with 
other Revere products, constant 
research, modern production 


equipment, and rigid quality con- 
trol have made Revere Welding 
Rods unsurpassed in quality and 
performance. 


Revere Welding Rods include: 
Revere 456 Low-Fuming Bronze 
Welding Rod, Revere Bronze 380, 
Manganese Bronze, Herculoy, 
Phosphor Bronzes, Brass (Brazing 
Rod), Silicon Deoxidized Copper 


and Electrolytic Copper. All come 
in 100-pound cases or in 25-pound 
cartons, net weight, and are stocked 
by Revere Welding Rod Distribu- 
tors in all parts of the country. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 
Mills: Baltimore, Md.; Chicago, UL; 
Detroit, Mich.; New Bedford, Mass.; Rome, N.Y. 
Sales Offices in Principal Cities, 
Distributors Everywhere. 
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YOUR GUIDE TO BETTER WELDING 


Repairs of Cracked Motor Blocks 


Automobile repairmen will welcome the 
news of a new, low-heat electrode for 
welding cast-iron motor blocks, which 
may have eracked during cold weather 
sieges. 

Reports indicate this Frigidare coated 
Eutectrode 24/49 may be used for on- 
the-spot repairs without any preheating 
or dismantling of equipment. Cracks, 
breaks, wear and defective areas are now 
easily repaired without loss of time. 
Eutectic Welding Alloys Corp., 40 Worth 
St., New York 13, N.Y. 


Welding 


Cracked motor blocks easily repaired 


Design Template 


Rapidesign, Inc., announces the new 
No. 60 Dimensioner template for use in all 
phases of drafting. 

The new No. 60 Dimensioner template 
speeds up the callout, dimensioning and 
lettering of drawings. Makes standard 
drafting symbols easily, neatly and ac- 
curately. An indispensable template 
where drafting procedure requires uni- 
formity. All symbols and sizes conform 
to standard drafting reom practice. 

The No. 60 Dimensioner is made of 
0.040 super quality cellulose nitrate. 


When heavy, unwieldy weldments like these diesel crank cases can be 
quickly swung into any position so that every weld is made downhand 


—that’'s efficient welding! 


Weldors spend more time welding—do better welding at lower cost 
when they work with C-F Positioners because these hand or power 
operated machines reduce positioning time to a minimum. Investigate 


the cost-saving advantages of C-F Positioners. 


any company. 


They pay their way in 


Write for Bulletin WP24—an illustrated circular detailing the specific 


advantag 


of C-F Positioners 


Cullen-Friestedt Co., 1323 Kilbourn Ave., Chicago e 


positioned welds 
mean better, more 


economical welds 


New Products 


Beveled cutouts of symbols are precision 
milled to give utmost in accuracy. Actual 
size 4 x 3'/, in., price $1.00. Write Rapi- 
design, Inc., P. O. Box 592, Glendale, Calif. 


New Unit Type Turning Roll 


Illustrated here is the new Model 
RD-20 unit type turning roll recently 
placed on the market by the Reed Engi- 


neering Co., of Carthage, Mo. This 
machine is used principally for the rotation 
of tanks and eylindrical shapes for welding 
and painting tanks, and also used for 
flame cutting pipes and cylindrical shapes. 

It is equipped with four rubber tired 
wheels, two of which are driven and two of 
which act as idlers. Machine is fully 
adjustable to handle any range of diameters 
from 3 in. to 6 ft. and any length from 
12 in. to 12 ft. It has a capacity of 2000 
Ib. total weight, and is equipped with a 
variable speed transmission which gives 
any range of speeds from 0 up to 120 in 
per minute. Antifriction bearings are 
used throughout and all primary redue- 
tions are totally enclosed worm gear type. 
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Machine comes complete with motor and 
foot-operated switch. Over-all dimen- 
sions are 60 in. wide x 72 in. long. Ship- 
ping weight, 700 Ib. At the present time 
shipments can be made from stock 


Synchro-Matic Flash-Butt 
Welding Process 


The new Thomson Synchro-Matie Flash 
Welder provides automatic control of 
flashing and upset with the entire welding 
sequence precisely synchronized and re- 
duced to a simple, push-button process 
The machine is extremely simple to oper- 
ate, being provided with settings and cal- 
ibrated scales for upset and flash-off dis- 
tances and for welding time 
ommended or known to produce good 
welds are used to set up the machine and 
the work is clamped 
operation is initiated either by pushing a 
button or stepping on a foot switch, the 
machine takes over. Flashing takes place 
during a relatively slow but accurate and 
At the most favor- 
able moment, the upset occurs as an addi- 


Values rec- 


Thereafter, once the 


smooth acceleration 


tional acceleration of the moving platen, 
producing the actual weld 

The advantages of the Synchro-Matic 
Process are obvious. Anyone can operate 
the machine since it involves only three 
simple settings and pushing a button 
Weld quality can be duplicated exactly on 
a production scale. Dimensions of the 
welded piece can be held to close limits and 
allowance for flash-off and upset can be 
held to a minimum, 

A Synchro-Matic Flash Welder will not 
only produce sound welds with ease in mild 
or alloy steels but because of its uniform 
precision features will consistently produce 
good welds in bronzes, brasses and alu- 
minum and magnesium alloys 
tions normally considered impracticable 


Combina- 


such 4S copper-to-copper or copper-to- 
aluminum can be welded with ease 
The Synechro-Matic unit is a simple, 


compact device Motive force for the 


movable platen is supplied by an air cyl- 
inder controlled by a hydraulic snubber 
No elaborate piping, dump valves, solen- 
oids or other complicated elements are in- 
volved Synchro-Matie Flash 
Welders are conventional in design and are 


Otherwise, 


applicable to the entire range of work now 
handled by conventional flash welders 
Any type of pneu- 
matic or hydraulic —and any standard or 


clamps manual, 


special tooling can be mounted on the 
“table platens 

Complete information is available in 
bulletin form from the manufacturer, 
Thomson Electric Welder Co., Lynn, 
Mass 


New Cutting Torch Attachment 


A new cutting torch attachment is an 
important accessory now available for use 
with the Kinmont Universal Power Unit, 
manufactured by the Kinmont Mfg. Co., 
Ine., of Glendale, Calif 

The principal features of this attach- 
ment are its provision for easy and fast 
adjustment of the cutting toreh in hand- 
ling a wide range of pipe sizes, and its abil- 
bevel and 
square cutoff across the end of the pipe 


ity to maintain a smooth 


The wide adjustment range of the cut- 
ting torch attachment permits its use on 
any pipe size from 3 up to 36 in. in diame- 
ter, and on tanks up to 10 ft. in diameter 
when turned on a roller rack. The turning 


speed of the Kinmont Universal Power 
Unit is controllable while cutting opera- 
progress, thus assuring a 
\ foot switch con- 


tion Is in 
smoothly finished cut 
trolling the turning operation leaves the 
operator's hands free to control the torch 
and speed adjustments 

For further details, write to Kinmont 
Mfg. Co., Ine., 716-718 W. Wilson Ave 
Glendale 3, Calif 


Packless Valve 


The ever-present problem of human 
safety, property damage and production 


losses is a constant concern in plants 
processing highly 
liquids. This 
important where explosive, 
inflammable or corrosive substances are in 
process It is, therefore, welcome news 
for these industries that Magnilastic 
Division of Cook Electric Co., Chicago, 
has deve loped a standard series of cor- 
metal bellows of 
welded construction which seal valve 
against any and all corrosive 
These bellow s-sealed valve stems 


corrosive gascs or 
particularly 


poisonous, 


problem is 


rosion resistant 
stems 
agents 
are designed and adapted to a wide range 
of valves manufactured by a number of 
valve specialized 
service Magnilastic does not 


manulacturers as 
manu- 
facture valves 


Views of the synchro-matic-flash-butt welder 
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SECTION 


Prepared by C. M. O'Leary 


To avoid possibility of inaccurate reporting in the write-up of Section Activities in The Welding Journal, 
no information will be included unless headquarters receives a definite write-up or a report indicating 


exactly what transpired at a specific meeting. 


Advance notice of such a meeting cannot be accepted 


as having actually happened unless ‘accompanied by a signed statement or a report to that effect. 


Anthony Wayne 


The November 26th meeting of the 
Anthony Wayne Section held at the Fort 
Wayne Chamber of Commerce, was in- 
formally started with a very appetizing 
Buffet Dinner at 6:30 P.M. After dinner, 
the group moved to the auditorium where 
the Coffee Session Entertainment was pre- 
sented in the form of a chalk talk by 
Eugene W. Craig, Editorial Cartoonist of 
the Fort Wayne News-Sentinel. 

Next was presented a very educational 
sound film, produced by General Electric 
Co., entitled “This Is Resistance Welding,” 
which quite thoroughly and clearly covered 
the various popular types of resistance 
welding—projection, spot, seam and flash. 

When the film was over, the Chairman, 
George H. Laws introduced J. R. Wirt of 
Anderson, Ind., 5th Distriet Vice-Presi- 
dent of the A.W.S. Mr. Wirt then intro- 
duced the speaker of the evening, George 
Sieger, President of S-M-S Corp. and 
President of the American WELDING 
Socrery. 

Mr. Sieger’s talk, which was unusually 
forceful and spiced with very dramatic and 
humorous similes and illustrations, was 
directed along the line of “What Good Do 
We Get Out of the A.W.S.” He empha- 
sized the point that in order to get the most 
good out of it we should be proud of it and 
advertise its benefits. Through this organi- 
zation we get the highest type of engineer- 
ing knowledge at a nominal fee——one of its 
best selling points. 

He made a strong point between ‘But- 
ton Members’’ who get no good from the 
organization and “Active Members’? who 
can't afford to be without it. He strongly 
advised of avoiding the dangers of cliques 
forming between manufacturers, suppliers, 
ete. 

Continuing his talk, he went into the 
Resistance Welding part of it by first em- 
phasizing that Resistance Welding was no 
more competitive to are or gas welding 
than these latter two were to each other. 
He clearly brought out the importance of 
pressure, current and time to each other in 
getting successful results as well as the 
urgency of constancy in tip dressing. 

He had quite a display of various sam- 
ples of work that could be and is being 
welded by the resistance welding method, 
many of which were quite new to the 
crowd attending. Afterward, a very in- 
teresting and educational Question and 
Answer Period was conducted with great 
interest evidenced by the entire group. 

Approximately 120 attended the meet- 
ing, many coming from quite some dis- 
tance. In view of the inclement weather 
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that evening, this would indicate a great 
deal of interest in attendance and in talk- 
ing with Mr. Sieger. 


Birmingham 


A general discussion on the mechanical 
and physical properties of nickel, Monel 
and Ineonel was presented by K. M. Spicer 
in a talk entitled, “Welding of Nickel and 
High Nickel Alloys,”’ before a meeting of 
the Birmingham Section on Tuesday 
evening, January 11th. 

Mr. Spicer is a member of the Technical 
Service Section of the Development and 
Research Division of The International 
Nickel Co., Ine., New York. 


Bridgeport 


The Bridgeport Section’s December 
meeting held on the 11th was highlighted 
by a gala Christmas Party. To foster 
better fellowship and acquaintances in the 
Section, the gathering was completely in- 
formal and well attended by 30 members, 
guests and their wives. A turkey dinner 
opened the evening at 8:00 P.M. at the 
Housatonic Lodge, followed by an evening 
of dancing to the tune of King’s Orchestra 
The purpose for which this party was held 
was well accomplished in that when the 
party Was over everyone present Was 
calling each other by their first names. 
Beer and setups were furnished by the 
Section. Other refreshments were fur- 
nished by the members. 


Chattanocga 


A general discussion on the mechanical 
and physical properties of nickel, Monel 
and Inconel was presented by K. M. 
Spicer in a talk entitled, “Welding of 
Nickel and High Nickel Alloys,” at a meet- 
ing of the Chattanooga Section held on 
Monday evening, January 10th. 

Mr. Spicer is a member of the Technical 
Service Section of the Development and 
Research Division of The International 
Nickel Co., Ine., New York. 

The meeting was held at Edgerton’s 
Dutch Manor. Refreshments were served 
at 6:00 P.M. Dinner at 6:30. 


Chicago 


Good attendance and enthusiastic dis- 
cussion of the technical subject of the 
evening marked the December 17th meet- 
ing of the Chicago Section. More than 
100 members and guests met at the 
People’s Gas Light and Coke Co. audi- 
torium to hear Walter A. Knocke, welding 


Section Activities 


consultant, Weldkraft, Ine., speak on 
“Welding of Tool Steels in Tool Dies and 
Fixtures.” 

Mr. Knocke showed slides of such weld- 
ing jobs as repairs to '/»-in. teeth in rolling 
cutting dies. He mentioned that much of 
the die welding work is being done for 
manufacturers of plastic products and die 
cast parts. The atomic-hydrogen process 
has been found very useful for welding 
tool steels, Mr. Knocke observed, because 
it allows smaller deposits and more favor- 
able heat control. Preheat, postheat and 
metallurgical data are also essential to 
consistent results and high-quality work, 
he advised. 

Charles W. Steels, local chairman, pre- 
sided over the meeting. Announcement 
was made of the resignation of Richard W 
Raney as chairman of the Membership 
Committee because of his transfer to 
Youngstown, Ohio. W. C. Henzlik was 
appointed to take eare of publicity for the 
local section 

The premeeting dinner was held at 
Burke's Grille and Restaurant. A color 
movie, ““The Grand Canyon in Northern 
Arizona” and a sport film, “Championship 
Form,” of Olympic track and pool stars in 
action, were shown before the technical 
presentation. 


Cincinnati 


An Inspection Trip and Metal Show were 
held by the Cincinnati Section on Tuesday, 
December 14th, at 8:00 P.M. The inspec- 
tion trip was through the Cincinnati 
Shaper Co.’s plant, where the building of 
Large Power Brakes and Squaring Shears 
is carried on, also live demonstrations of 
some of the newest developments in the 
welding industry today The Nelson 
Automatie Stud Welder, the Chris-Torch, 
the Semi-Automatic Hidden Welding by 
the Manual Lincolnweld, the Linde Power- 
Cutting and Searfing Process and the 
Shield-O-Matie Welding Process by Na- 
tional Cylinder Gas were all seen and 
demonstrated. 


Cleveland 


Maison C. Robbins, District Manager 
of Handy & Harman, addressed the 
January 12th meeting on the subject 
“Silver Brazing and Its Application in 
Industry.” 

Mr. Robbins, a graduate of Armour 
Institute, has worked with the Chicago 
Bridge & Iron Co. and the Steel Sales 
Corp. of Chieago. He joined Handy & 
Harman in 1938 and has been in Cleveland 
since 1946. 

“Whence Came the Red Man” was the 
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subject of the coffee talk by Casimer M 
Nikel, minister of the Reorganized 
Church of Jesus Christ of Latter Day 
Saints. His talk was based mainly on the 
archeological findings during the last 
century. Mr. Nikel has traveled widely 
in his work as a clergyman and his exper- 
iences among the Indians in the Southwest 
have stimulated his hobby of investigat- 
ing these archeological findings. 


Columbus 


The December meeting held on the 11th 
was very interesting and informative 

Robert W. Bennett of Battelle Memorial 
Institute was given a cheery send-off to 
his new position at the American Locomo- 
tive Co., in Dunkirk, N. Y. Mr. Bennett 
was replaced by A. R. Meyer of Battelle 
as Chairman of the Educational Com- 
mittee 

Visitors from Dayton and Marion, Ohio, 
found both the Dinner talk and the Tech- 
nical talk well worth their long trip 

The Coffee Speaker, Milton Forman, of 
Battelle, gave some worth-while informa- 
tion on welder qualification. He broke the 
testing of the welders into five parts: 
Size and type of electrode; type of joint; 
position in which work is to be done 
thickness of plate; material 

The Technical Speaker, C. B. Voldrich, 
gave a talk on the welding of heavy alu- 
minum plate as well as the welding of high 
strength aluminum. Mr. Voldrich also 
explained the use of various pieces of 
equipment used to weld the heavy alu- 
minum and aluminum alloys; from the 
oxyacet viene process to the newest process, 
“Aircomatic,”’ a gun with continuous rod 
speed and feed, with argon gas as. the 
shielding element. At the completion of 
his talk, Mr. Voldrich showed some sam- 
ples of heavy aluminum welding which re- 
ceived considerable attention 


Detroit 


The December 10th meeting featured 
Patrons Night which is the Annual holiday 
party sponsored by the Patrons 

On the serious side, an inspiring lecture, 
“Main Spring’ was delivered by Henry 
Grady Weaver of General Motors Co. Mr. 
Weaver, who has published a book by the 
same title, told his audience of 150 why 
we are the greatest nation and what it is 
that makes us so great. He drew many 
references from his book which he calls a 
grass roots primer of Americanism. 

Following his talk several vaudeville 
acts were enjoyed by those present, and 
games and refreshments completed the 
evening. The only welding for the evening 
was that most important to any society 
Welding of Friendships 

Henry Grady Weaver died Jan. 2, 1949 

The Saginaw Valley Division held a 
Christmas Party on Friday, December 
10th, at Rolling Green Golf and Country 
Club. Cocktail Hour preceded the Dinner 
which was followed by dancing \ good 
time was had by all. 


Hartford 
Regular monthly dinner meeting of the 


Hartford Section was held on Thursday, 
December 16th, at the Whitlock Mfg. Co 
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Cafeteria, Elmwood, Conn. “Practical 
Aspects of Resistance Welding,”’ was the 
subject presented by Richard H. Florian, 
Methods Engineer, Trumbull Electric 
Mfg. Co., and Frank J. Wallace, Pratt & 
Whitney Aircraft. 

\ Resistance Welding film was shown 
through the courtesy of the General Elee- 
trie Co. 


Indiana 


The Indiana Section held a Christmas 
Program meeting on December 17th at the 
Warren Hotel, Indianapolis 

Wally Nehrling, radio announcer at 
Station WIRE, was the dinner speaker. 

This being a Christmas Party women 
and children were present for the dinner 
and entertainment 


Lehigh Valley 


LaMotte Grover, Welding Engineer, 
Air Reduction Sales Co., was the guest 
speaker at the monthly meeting of the 
Lehigh Valley Section held on Monday, 
January 3rd, at the Hotel Bethlehem, 
Bethlehem, Pa. ©. L. Kreidler, Chair- 
man, presided at the meeting 

Mr. Grover spoke on the “Economies of 
Welding.”” He discussed numerous ad- 
vantages of structural welding, such as the 
reduction of weight and cost of structural 
members, greater flexibility and freedom 
in architectural and structural design, and 
better appearance because of smoother 
surfaces and outlines The talk was 
illustrated with slides showing various 
welded buildings and bridges which have 
been constructed throughout the United 
States and Canada. An informal discus- 
sion period followed the talk 

H. Oo Hill, of the Bethlehem Steel Co., 
gave an interesting after-dinner talk en- 
titled, ‘‘A Florida Travelogue.”’ The talk 
was illustrated with beautiful color slides 
showing historical and scenic points of in- 
terest which he photographed on a recent 
visit to Florida 

C. L. Kreidler presented Mr. Hill with a 
gift in behalf of the members of the Lehigh 
Valley Section as a token of appreciation 
for services rendered and the recognition 
brought to the Section while Mr. Hill was 
serving as President of the A.W.S. 

\ special committee composed of Q. kK. 
Charlesworth, L. P. Elly and J. R. Fair- 
hurst, was appointed to arrange the An- 
nual Meeting program for May 2nd. The 
Section hopes that it will have a meeting 
comparable to previous years, at which 
times all members and guests attending the 
affair had a very enjoyable evening. 


Mahoning Valley 


Monthly meeting was held on October 
21st in Youngstown, Ohio. N E. Wheeler 
spoke on “Production Welding in the 
Automotive Trucks Industry.” 

November meeting was held on the 18th. 
tobert J. Berlesky spoke on “Repair 
Welding of Heavy Wall Pressure Ves- 


sels.”’ 


Michiana 


The Michiana Section held a joint meet- 
ing with the Notre Dame Section of the 


Section Activities 


American Society for Metals on Wednes- 
day, December 8th, at Notre Dame Uni- 
versity, with Dr. R. D. Stout of Lehigh 
University, speaking on ‘“The Metallurgy 
of Are Welding 

He described a series of experiments 
made by laying beads on a plate of struc- 
tural steel before and after various heat 
treatments and checking the properties of 
the base metal by re moving @ portion of 
the bead and testing the plate in bending. 
The benefits of postheating and preheating 
were quite obvious, and surprisingly great 
for a steel that is nominally nonharden- 
able 


Milwaukee 


W. J. Phillips, Director, Casting De- 
velopment Dept. Steel Founders Society 
of America, was the speaker at the 
December 17th meeting held at the Am- 
bassador Hotel 

Mr. Phillips discussed ‘‘Weldability of 
Steel Castings.” He divided the carbon 
steel castings into groups: those readily 
weldable having a carbon maximum of 
0.25% and a manganese maximum of 
0.70%; those with 0.30°, carbon or over 
and manganese 1.00% or more which are 
not readily weldable; and the alloy cast- 
ings which require preheat 

A discussion of preparation ol detects tor 
welding was followed by some precautions 
to use subsequent to welding 

Mr. Phillips devoted the latter part of 
his talk to the proper design of steel cast- 
ings and showed how it is possible in many 
cases to make a complex casting more 
economically by combining & number of 
smaller castings by welding 

The coffee talk was given by Fred W. 
Steffan, a Milwaukee alderman, who com- 
bines artistic talent with his law making. 
Mr. Steffan drew some caricatures of some 
of the section officers, past and present, to 
the general amusement of all 

About thirty-five attended the dinner 
and a similar number joined the group 
after dinner 

A stainless steel lectern designed and 
manufactured by the Milwaukee Road 
was presented to the Section at the begin- 
ning of the meeting. The lectern has the 
A.W.S. emblem in colors on a plate in the 
front A vote of thanks was offered the 
railroad for this useful piece of equipment. 

4 Christmas Smoker was held on De- 
cember 20th at Moser’s Cafe. Entertain- 
ment, refreshments and door prizes were 
enjoyed by all 


Nashville 


\ business meeting was held in the Max- 
well House Hotel on December 17th. 

The following matters were attended to: 
The By-Laws amended and accepted pro- 
viding for the signature of Section Secre- 
tary instead of wire-chairman; committees 
changed to include only members of Sec- 
tion; proposed program of speakers for 
year 1948-49 as suggested by District No. 
3 meeting held December Ist in Birming- 
ham, Ala., was discussed and referred to 
the Program Committee 

\ General Electric film on a.-c, Welding 


Was shown 
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Elgin tacks it with G-E controlled 


GETS MORE RIGID, STRONGER CONSTRUCTION 
Welding a new alloy Dura Power mainspring 
at the Elgin National Watch Company, Elgin, 
Illinois, is one example of the versatility of 
resistance welding—made possible by General 
Electric precision control. Mr. George Ensign, 
director of research, says... 


“We specified General Electric control on this 
resistance welding equipment because of its 
extreme accuracy and all-round dependability. 
On delicate work such as this, spoilage can be 
high unless the welder control works perfectly. 
Thanks to G-E control, work is easy, accurate, 
and production is high.” 


HAVE YOU SEEN “THIS IS RESISTANCE WELDING”? 


General Electric's More Power to America, full-color, 
sound movie on resistance welding processes is packed 
with ideas for the better use of this manufacturing proc- 
ess. Production men, i s, designers, and welder 
operators will benefit— manufacturing problems de- 
crease. Arrange for a free showing with your utility, 
resistance welder manufacturer, or the nearest G-E 
office. And remember—specify General Electric control 
when next you order a welder. 


G-E Thyratron spot- 
welding control panel 
for bench-type welder 


G-E CONTROL USED EVERYWHERE 
Many other manufacturers have made similar 
comments— manufacturers of such widely di- 
versified equipment as car bodies, fuel tanks, 
refrigerators, kitchen utensils—hundreds of 
articles in everyday use. 


G-E precision control can be used with 
almost every type of resistance welder—for 
spot, seam, and projection welds—for any size 
welder. Fill in and send us the coupon for 
information on our welding control. 
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Spot welding a new alloy mainspring at Elgin. 
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BETTER WELDS FASTER with General Electric 


Apparatus Dept., Sec. 0545-47 
General Electric Company 
Schenectady 5, N. Y. 


Please send me the fellowing bulletins: 

C The Importance of Control, GEA -4571 
Thyratron Welding Control, GEA-4175A 
0 


GEA -4699 


(Synchronous Control for Spot and Projection Welding, 


Ci Nonsynchronous Control for Spot and Projection Welding, 


GEA -4726 


GENERAL 


Company... 


Address. 


State 
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New Jersey 


“The Inert-Gas-Shielded Arc-Welding 
Process’’ was the subject of a series of 
talks presented at the December 21st 
meeting. The wide interest in this subject 
was shown by the nature of the discussions 
following the talks. 

The speakers were Bernard J. Blickman 
of 8S. Blickman, Inc., who discussed stain- 
less steel welding using the inert-gas 
process 

J. Imperati, Welding Engineer for the 
American Brass Co., discussed the welding 
of copper-base alloys. 

O. H. Kuhlke, Welding Engineer in 
Charge of Welding Research for the Gen- 
eral American Transportation Co., dis- 
cussed aluminum welding using the sub- 
ject process 

Robert Wilson, of The International 
Nickel Co., served as moderator. 

Mr. Blickman outlined some of the 
features of the inert-gas welding process 
for the welding of stainless steel. The 
ductility of the weld metal is excellent 
which permits forming the parts after 
welding. 

During Mr. [mperati’s talk he brought 
out the fact that the inert are is of particu- 
lar advantage in welding the copper silicon 
group, including Everdur, Hercoloy, ete. 

Mr. Kuhlke deseribed the application of 
the inert are welding process as applied to 
the fabrication of aluminum structures. 
In the welding of aluminum tank cars his 
company has found this process to be more 
satisfactory than the metallic are, carbon 
are, oxyhydrogen and similar processes. 


New York 


The December meeting held on the Sth 
in the Engineering Societies Bldg. was a 
symposium on ‘Methods of Inspection of 
Welds” instead of the usual type of pro- 
gram. Alexander Gobus, of Sam Tour & 
Co., was Moderator for the meeting 

W. B. Bunn, M. W. Kellogg Co., N. J., 
spoke on “Radiography in Weld Inspec- 
tion’; H. Migel, Magnaflux Corp., New 
York City, spoke on “The Application of 
Magnaflux to Welds”; and J. C. Smack, 
Sperry Products, Ine., Danbury, Conn., 
spoke on “Ultrasonic Inspection of 
Welds.’ All three speakers supplemented 
their talks with slides on which they made 
running comments 

Mr. Bunn nondestructive 
tests of welds made with X-ray machines 
and radium. He explained briefly how 
each method is used and where each is 
most effective. Mr. Bunn also had several 
X-ray films of welds which he showed at 
the end of the meeting. 

Mr. Migel explained the Magnaflux 
method of making nondestructive tests on 
welds. In his slides he showed some of the 
equipment that is needed and_ briefly 
described how the tests are made He 
stressed the fact that Magnaflux testing is 
most useful when you are looking for 
cracks or defects on or near the surface. 

Mr. Smack described the principles and 
theories of ultrasonic weld inspection and 
also showed slides of the equipment used. 
He explained that no one of these three 
nondestructive tests for welds are good 
under all conditions. The method used 
depends upon what information is needed 


described 
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and the conditions under which the job is 
being done. At the end of the meeting, 
Mr. Smack demonstrated a portable ma- 
chine for ultrasonic inspection. This ma- 
chine can be easily carried by two men. 

Each paper took about 20 minutes for 
presentation and there was a short discus- 
sion period after each one. Arrangements 
for the meeting were in charge of H. R. 
Clauser, Assoc. Editor of Materials and 
Methods. 


Northwest 

An afternoon plant tour of the Minne- 
apolis-Moline Power Implement Co., 
Como Plant, took place on Tuesday, 


December 14th. Dinner at 6:30 was in the 
Lodge Room, Covered Wagon. 

Elmer Hixson, Welding Engineer, Min- 
neapolis-Moline Power Implement Co., 
spoke at the evening meeting on the sub- 
ject “Welded Design of Farm Equip- 
ment.” 

January 11th steak dinner meeting was 
held in the Lodge Room of the Covered 
Wagon, Minneapolis. Highlight of the 
evening was an address by T. Embury 
Jones of the Precision Welder and Ma- 
chine Co., who discussed ‘‘New Develop- 
ments in Resistance Welding.”’ A motion 
picture entitled “This Is Resistance Weld- 
ing’’ was also shown. 

Ted Kenny of The Kenny Boiler Co 
was the host of the Happy Half Hour from 
6:00 to 6:30. 


Philadelphia 


The regular monthly dinner meeting of 
the Philadelphia Section was held on De- 
cember 20th in the Engineers Club. 
George Kelso, Houdry Corp., Phila- 
delphia, was the coffee speaker. Mr. Kelso 
presented an excellent talk on ‘Russia 
What I Saw” which consisted of his per- 
sonal experiences in Russia during 1945 
and 1946. 

Technical speaker was Jobn C. Smack, 
Engineer, Sperry Products, Ine., 
Danbury, Conn., whose subject was ‘‘Non- 
destructive Testing of Welds.”” Mr. 
Smack’s paper dealt with the ultrasonic 
testing as one method of nondestructive 
testing. Use of the Reflectroscope was 
demonstrated at the end of the talk. 


Sales 


Puget Sound 


The October 13th meeting was in the 
nature of a membership meeting making 
arrangements for a membership drive. 

After the meeting, about thirty mem- 
bers of the Section made a visit and com- 
plete tour through Kenworth Motor 
Factory, where they saw many special 
heavy duty trucks on the production line; 
a great many of them are designed for 
heavy hauling in the oil fields of Arabia. 

The regular November meeting was 
held on the 10th at the Engineers Club, 
Seattle, Wash. 

Mr. Morley of the Morley Magnesium 
Foundries, Inc., gave a good talk on the 
easting and fabrication of magnesium. 
The talk and discussion following were of 
very great interest to all the members 


present inasmuch as magnesium is rapidly 
\ num- 


gaining many uses in industry 


Section Activities 


ber of samples of cast magnesium were on 
hand for inspection by the group, which 
created considerable interest. 

A very excellent moving picture depict- 
ing the manufacturing processes of mag- 
nesium was shown. 


Rochester 


Monthly meeting of the Rochester Sec- 
tion was held on Monday, December 20th, 
in the Engineering Bldg., University of 
Rochester, River Campus. Cafeteria style 
dinner preceded the meeting 

A movie, ““The Legend of Useppa,”’ was 
shown. 

Feature of the meeting was the semi- 
automatic welding device shown by The 
Lincoln Electrie Co. This equipment 
operates under the submerged are princi- 
ple. The wire and flux feed is automatic 
but the guiding is done by hand. 

An educational program of the Roches- 
ter Section consisting of a series of six 
meetings on the subject “The Relation of 
Design to Are Welding Procedures’ was 
introduced the week of January 9th. The 
remainder of the meetings are as follows: 
February 5th, “Joint Selection”; March 
5th, “Electrode Selection’; April 2nd, 
“Procedures”; April 30th, “Selection of 
Material’: May 28th, “Proper Use of 
Material.” 


St. Louis 


A joint meeting of the St. Louis Section 
of the A.W.S. and the St. Louis Chapter 
No. 17, American Society ol Tool 
neers, was held on Thursday, January 6th 
at the Engineers Club. Patrick 8. Doven, 
Field Engineer, Welding Equipment and 
Supply Co., Detroit, was the speaker. Mr 
Doyen is well versed in the specialized 
phase of welding tools and dies. 

The St. Louis Section held a Smoker or 
Friday, December 10th, at Belvedere 
Joe’s. Free beer and sandwiches were 
provided. A good time was had by all 


Toledo 


The Toledo Section opened its 1048-44 
season with a plant trip through the 
National Supply Co., Toledo, Ohio, pro- 
ducers of Oil Well Equipment, on Wed- 
nesday, September 8th. 

There were 41 in the group, who found 
the trip exceedingly interesting, not only 
from a welding standpoint, but also be- 
cause of the unusual equipment for this 
locality, the method of material handling 
and the modern plant facilities. 

The next regular meeting, comprising 
an audience of 27, was held on Wednesday, 
October 13th, in the Commodore Perry 
Hotel. A. H. Homrighaus, Jr., arranged 
through the courtesty of Lincoln Electric 
Co., the showing of the 15-min. film 
“Machine Design for Are Welding.”’ 

Following this the speaker, Knowles B 
Smith, Vice-President and General Man- 
ager of the Dix Engineering Co., Ine., 
Detroit, talked on “Metal Spray and 
Metallizing.”” With the aid of slides he 
first gave the history of the spray gun 
development. He then treated the dif- 
ferent applications where metal spraying 
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may be used to advantage and the meth- 
ods employed in obtaining a good bond 
between the spray and parent metal. 
V. R. Smith, Field Engineer for the Metal- 
lizing Engineering Co., Inc., who was in 
the audience, elaborated on some points 
during the talk and during the question 
period. 

On Wednesday, November 10th, in the 
Commodore Perry Hotel there was staged 
a very unusual meeting. It was unusually 


* good from more than one point of view. 


In the audience were such out-of-town 
notables as Ray Stitt, Tom Crawford, 
W. H. Morris, Robert Bennewitz, John 
Headapohl, all from Detroit; L. G. Pick- 
haver from Chicago, J. N. Black from 
Cleveland and others. 

Mr. Stitt, Chairman of the Detroit 
Section, brought greetings and good wishes 
from George N. Sieger, President of the 
A.W.S. He also gave a short talk on pro- 
gram arrangements between Toledo, De- 
troit and affiliated sections. 

The main discourse was in the form of a 
panel meeting with a topic of “Inert Are 
Welding” and was covered by three dif- 
ferent speakers. There were 40° very 
attentive listeners who took in this new 
and interesting subject. 

R. F. Wyer, Application Engineer, of 
General Electric Co., with the aid of slides 
covered the equipment in general use to- 
day for this type of welding 

H. T. Herbst, Manager, Heliare Divi- 
sion Lab., of The Linde Air Products 
Co., explained the different applications. 
He made use of a color film to show the 
peculiarities of the are and slides for de- 
tails of applications. 

The third panel member, E. H. Lee, 
Regional Manager, Detroit Office of the 
Federal Communications Commission, 
pointed out that it is very important to 
hold electrical interference to vital radio 
sending and receiving of airplanes and 
ocean boats to a minimum. He pointed 
out that shielding of high-frequency equip- 
ment will accomplish a great deal in this 
respect. 

During a lively three-quarter hour ques- 
tion period all panel members answered 
many specialized queries 

The Toledo Section changed its regular 
monthly meeting date from the second 
Tuesday to the second Wednesday. 


Tri-State 


December meeting was held on the 13th 
in the Vendome Hotel, Evansville, Ind. 
Russell F. Strate of Air Reduction Co. 
spoke on “Are Welding Electrodes.” 


Washington 


Annual joint meeting of the Washington 
Section of the AmeRICAN WELDING 
Socrery and the Washington Chapter of 
the American Society for Metals was held 
on Friday, December 17th. Dinner at 
O’Donnell’s Restaurant preceded the 
meeting held in the Pepeo Auditorium. 

Dr. Sameul L. Hoyt, Technical Adviser 
at Battelle Memorial Institute, was the 
speaker. His subject was the “Principles 
of Behavior of Steel in Large Structures.” 
Dr. Hoyt contrasted the structural per- 
formance in large structures with the per- 
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formance of the steel in laboratory speci- 
mens. 


Western Massachusetts 


The December meeting of this Section 
was held on the 14th at Blake's Restaur- 
ant, Springfield, Mass 

Paul Moffke, who is well known in this 
district for his remarkable skill at sleight 
of hand, entertained both during and after 
dinner. 

F. W. Sehl, chemical engineer for The 
Aetna Casualty and Surety Co., put on a 
remarkable demonstration of flash fires 
and explosions. Mr. Sehl is a well-known 
authority on this subject and a very com- 
petent speaker 


Western New York 


A joint meeting with the Niagara Fron- 
tier Chapter, American Society of Safety 
Engineers, was held at the Hotel Touraine, 
Buffalo, N. Y., on Dee. 16, 1948. One 
hundred thirty-five members and guests 
of both participating societies were present 
for a turkey dinner and the usual social 
hour preceding the technical session. An 
officer of the Technical Societies Council 
of the Niagara Frontier was present as the 
coffee speaker and outlined the plans and 
purposes of the organization. The Coun- 
cil is now attempting to encourage the 
placement of qualified engineers in the 
many varied positions of public responsi- 
bility, especially within New York State, 
which are in need of expert engineering 
advice. 

An additional 50 to 75 members and 
guests were present to hear William W. 
Reddie, Asst. Mgr., Are Welding Dept., 
Westinghouse Electric Corp., Buffalo, 
N. Y., present the main topic, “Safe 
Practice in Are Welding.”’ He made it 
plain that are welding was essentially not 
a hazardous process and that accident data 
do not indicate it to be any different than 
other occupations. He, however, empha- 
sized that there were many details con- 
nected with the operation of both small 
and large installations that must be recog- 
nized and adhered to if accidents were to 
be prevented. Many of these details were 
fully described. 

R. S. Inglis, Superintendent, Quality 
Control and Inspection Division, General 
Electric, Philadelphia, will present the 
main topic at a joint meeting with the 
Niagara Frontier Society of Industrial 
Engineers on February 18th, at the Hotel 
Touraine, Buffalo, N. Y. His subject will 
be “Quality Control Methods Applied to 
Resistance Welding.”’ 

Meetings for the remainder of the season 
are as follows: 

March 24th—Joint Meeting, American 
Society of Civil Engineers and American 
Institute of Architects. Subject: ‘“Struc- 
tural Design for Welded Fabrication.” 

April 2ist-——Joint Meeting, American 
Foundrymen’s Association. Subject: 
“Welding and Repair of Castings.”’ 

May 19th —Joint Meeting, American 
Institute of Electrical Engineers. Sub- 
ject: “Electrical Energy in Welding.” 
Speaker: Mario Sciaky 

June 16th —Annual Party and Installa- 
tion of Officers 


Section Activities 


Wichita 

A joint meeting with the American 
Chemical Society was held on December 
9th at the Central Intermediate School 
Auditorium. Dr. Farrington Daniels, 
professor of physical chemistry at the 
University of Wisconsin, and an inter- 
nationally known atomic scientist, dis- 
cussed the possibilities of using atomic 
energy in the future to supplement our 
temporary coal and oil supply. The facts 
of atomic fission were explained together 
with a description of the problems and 
limitations of atomic power. Dr. Daniels 
also discussed what is currently known 
concerning the use of sunlight to obtain 
increasing amounts of fuel and food in the 
future. 


Worcester 


The following are the meetings for the 
remainder of the season of the Worcester 
Section. 

February 28th—‘‘Job Shop Welding,” 
Jamieson Moore, Union Bag & Paper Co 
Movie: ‘‘No Keener Blade.”’ 

March 28th—‘‘Structural Welding.”’ 

April 25th— Annual Meeting. 

A meeting of the Officers and Directors 
of the Worcester Section was held on Sep- 
tember 9th in the Welding [Engineer's 
Office of the Pullman Standard Car Mig 
Co. 

Regular monthly meeting was held on 
September 27th at Reynold’s Red Roof 
E. B. Lutes of Are Rods, Inc., presented 
an excellent address on ‘““The Characteris- 
ties of Electric Are-Welding Rods.” A 
movie, “3000 Lb. per Sq. Inch,”’ was 
shown. Both the talk and the movie were 
very well received. 

October 25th meeting was also held at 
Reynold’s Red Roof. Roger Metzler, of 
Handy and Harman, was the speaker 


His subject “Designing for Silver Alloy 
Brazing’ was accompanied by a film, 
entitled “Silver Brazing.” 
York-Central Pa. 

George Bellow, Technical Sales 


Engineer, Air Reduction Sales Co., New 
York, was the speaker at the January 5th 
meeting held in the Engineers Bldg., 
York, Pa. Mr. Bellow’s subject, “Flux 
Injection Cutting of Alloy Steel,’ was 
supplemented with the showing of a tech- 
nicolor movie of the process 

“Production of Calcium Carbide and 
Acetylene” was the subject of the Decem- 
ber Ist meeting. Speaker was Albert Me- 
Millan, Shawinigan Products Corp. 


Canadian Welding Society 


Third meeting of the 1948-49 season of 
the Montreal Chapter was held on Mon- 
day, December 20th. This was a “Stump 
the Experts” Night with L. Payne, Cana- 
dian Liquid Air Co. Ltd., as Master of 
Ceremonies. Judges were G. Cape, 
Dominion Bridge Co. Ltd., P. Paquin, 
Canadian Liquid Air Co. Ltd. and the 
Experts, G. Layt, Steel Co. of Canada 
Ltd., G. Hahn, Canadian Vickers Ltd. 
W. W. McCullough, Northern Steel In- 
dustries Ltd., F. Thomas, Canada Car & 
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CURRENT. WELDING PATENTS 


prepared by }. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


2,454,338—ApparRatus FoR WELDING 

Albert F. Pityo, Clifton, and Harry FE. 

Butterfield, Jr., Maplewood, N. J. 

In this patent, the welding apparatus 
includes an electrode in the form of a re- 
silient elongated blade and a handle carry- 
ing the resilient electrode blade and ex- 
tending longitidinally thereof and over- 
lapping same. A switch for the welding 
cireuit is mounted upon the handle and 
has a moving part arranged to be shifted 
by flexing of the resilient elongated elee- 
trode, and an adjustable element is 
mounted upon the handle and engages the 
resilient electrode blade to regulate the 
tension set up thereby. 


2,454,617 Evectrope Houper 
Erie Siemers, Kalamazoo, Mich., 
assignor by mesne assignments to 
Lacey —Webber Co., Kalamazoo, 

Mich., a corporation of Michigan. 

The electrode holder of this patent in- 
cludes a substantially hollow body mem- 
ber having a metal plunger located within 
the body member and adapted to recipro- 
eate therein. The plunger and body mem- 
cooperating openings for 
positioning an electrode thereby. One of 
the features of the holder is that an insu- 
lating cover is secured to the body mem- 
ber and a separate insulating cover se- 
cured to the plunger. 


ber have 


2,454,948 ELecrric Resistance Seam 
Apparatus—Clifford S. Selt- 
zer, Warren, Ohio, assignor to The 
Taylor-Winfield Corp., Warren, Ohio, a 
corporation of Ohio. 

In Seltzer’s welding apparatus, a weld- 
ing horn of current conductive material is 
positioned in the path of articles such as 
tubular can bodies which are moved in 
onto the welding horn. <A 
welding wheel is journaled in one portion 
of the horn for rolling contact with the 
inner surface of the article being welded 
and an external welding wheel electrode is 
provided for applying welding pressure to 
the can or other article from the outer sur- 
face thereof. Separate means are pro- 
vided for rotating the inner electrode wheel 
and other means rotate the external elec- 
trode wheel. 


succession 


\PPARA- 
Cleveland, 


2,455,057-— ELecrric 
rus—Kenneth V. Hart, 
Ohio. 


Hart's welding apparatus includes an 
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article pressing die and a multipart tube 
clamping die. Transformer secondary 
means are connected in parallel to the 
pressing die at a plurality of spaced places 
and also connect to each of the parts of 
the clamping die. 

2,455,108 —E.ectrove Hotper —Hector 

Beauregarde, Utica, Mich. 

The electrode holder disclosed in this 
patent includes a pair of pivoted members 
one of which positions a copper block 
thereon with a surface having a series of 
grooves at various angles to the longi- 
tudinal axis of the block and the other of 
the members has a terminal portion sub- 
stantially parallel with the surface of the 
block when in contact therewith whereby 
an electrode can be clamped between the 
surface of the grooved block and the other 
pivoted member of the holder. 


2,455,244—Srup ror Werpinc—Charles 
S. Evans, Atherton, Calif., assignor by 
mesne assignments to Morton Gregory 
Corp., a corporation of Michigan. 
Evans’ welding stud includes a rod 
which has on the welding end thereof a 
plurality of tabs that converge together to 
provide a chamber. Welding flux is posi- 
tioned in such chamber. 


Heavy-Duty ELecTRODE 
Martin Wells, Los Angeles 


2,455,325 
Calif. 
In this patented electrode holder, the 

positioning handle has an opening de- 
fined by metal wall means and a screw 
member projects forwardly from such 
opening in the handle. A metal body en- 
gages with the screw member and has rod 
clamping means thereon actuated by the 
turning of the serew member in the threads 
formed in the opening in the holder. 
Metal connecting parts extend from the 
metal body into the opening in the handle 
and other means engage same to apply 
force to such metal connecting parts to 
force same into pressure engagement with 
the metal wall means defining the opening 
in the handle. Such pressure is set up 
when the screw member actuates the rod 
clamping means of the holder. 


ror Faprics 
Charles C, Wickwire, Cortland, N. Y., 
assignor to Wickwire Bros., Inc., Cort- 
land, N. Y., a corporation of New York, 


This patent covers a special type of a 
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fabricewelding machine for welding the 
warp and weft wires of a wire fabric 
together. 


2,455,441—Are Wirnin Hy- 

DROCARBON O1_—Paul Peillon, Cairo, 

Egypt, Assignor to Salvage & Marine 

Co. of Egypt 8. A. E., Cairo, Egypt, an 

Egyptian Company. 

An are-welding process is covered in this 
patent and relates to a process wherein the 
metal pieces to be welded are immersed in 
a hydro-carbon oil with the pieces in 
proper relative position. An electrode is 
provided which has a flux covering that is 
rendered impervious to the hydro-carbon 
oil by impregnation with a protective com- 
pound. The weld is effected by striking 
an are between the electrode and the work 
to deposit molten metal from the are on 
the pieces to be welded and form a seam 
along a joint being formed therebetween. 


Apparatus—David 
Sciaky, Chicago, Ill., Assignor to Weld- 
ing Research, Ine., Chieago, IIL, a 
corporation of Illinois 
The patented welding apparatus in this 
instance includes a pair of electrodes for 
holding work pieces to be welded and a 
movable slide supporting one electrode and 
mounting same for reciprocating move- 
ment toward and from the other electrode 
A tapered cam member is provided and is 
adapted to be reciprocated in a direction 
normal to the direction of movement of 
the slide for moving the slide. A special 
pressure cylinder is included in the ap- 
paratus for controlling the movement of 
the cam member. 


2,.455,560—-Metnop oF ARRANGING AND 
BRAZING SUPERPOSED COMMUTATOR 
Leaps—Carroll F. Cobb, Silverton, 
Ohio, and John R. Guenther, Chicago, 
Ill., assignors to Allis-Chalmers Mfg. 
Co., Milwaukee, Wis., 
Delaware 


a corporation of 


A special process is disclosed in this 
patent for brazing commutator leads to a 
commutator. 


2,455,564 -Sror WELDING APPARATUS 
William H. Dailey, Jr., Library, Pa., 
assignor to Carnegie-Illinois Steel Corp., 
a corporation of New Jersey 
Dailey’s welding apparatus is particu- 

larly suited for joining ends of metal strips 

together and includes a support having a 


THe WELDING JOURNAL 


at abstracts of 
_| 
th 
* 
a 


flat surface along which the strips may 
pass and a transverse frame bridging the 
support and being mounted thereon. A 
clamping device is carried by the frame 
and is adapted to engage and hold strips 
on the support when desired. A welding 
carriage is carried by the frame for trans- 
verse adjustment thereon and it has a 
vertically movable welding device which 
can be engaged with sirips on the support 


2,456,121 Fiux COATING FOR WELDING 
Rovs—Walter Goerg, North Bergen, 
N. J., assignor to Air Reduction Co., 
Inc., New York, N. Y., a corporation of 
New York 
This flux coating for a weld rod is made 

from boric acid in relatively large quanti- 

ties and smaller quantities of 
sodium silicate, alkali metal bichromate 
and sodium alginate 


borax, 


2,456,593—Stiver Brazinc ALtoy Con- 
TAINING INpDIUM—Joseph F. Polak, 
Newark, N. J., assignor to Monroe 
Sherman, New York, N. Y 
The alloy covered by this patent in- 
cludes a relatively large quantity of silver, 
and smaller quantities of copper, zinc, 
cadmium and indium with no other metals 
being present in the alloy 


ALLoY 
Polak, Newark, N. J., assignor to Mon- 
roe Sherman, New York, N. ¥ 


This brazing alloy comprises a relatively 
large quantity of cadmium and smaller 


Joseph F. 


quantities of silver and zine with a small 
quantity of copper also being present in 
the alloy 


2,456,609 -WeLvine *ELecrropes—Wil- 
liam Andrews, Gateshead-on-Tyne, 
England, Assignor to Metal & Thermit 
Corp., New York, N.Y 


Andrews’ patent particularly relates to 
a flux coated nonferrous welding rod for 
welding metal such as aluminum, copper, 
nickel, alloys of such metals and nickel- 
chromium stainless steel. One particular 
feature of the electrode is that the flux 
coating 14 made from a mixture of the 
halides of lithium, sodium, potassium, and 
magnesium and a paste made from water, 
sodium chloride and a svnthetie colloidal 
ervolite 


2.456,664--Spurr Cuvuck vor ELecrric 
We.pinc Guns—William P. Yurgen- 
sen, Sharon Hill, Pa 


The chuck covered by the patent In- 
cludes a body which is longitudinally 
slotted at one end to provide a plurality 
of longitudinally extending portions which 
are flexible with respect to each other in a 
\ plurality of ears 
are detachably secured to such body por- 


transverse direction 


tions at the slotted end of the body 


Attoy—Wasil W 
Dvrkaez, Schenectady, N. Y., assignor 
to General Electric Co., a corporation of 


New York 


The brazing alloy of the patent is suited 
for use in brazing copper to fernico alloys 
The brazing alloy consists of 86 parts sil- 
ver, 13 parts copper and one part phos- 
phorus. 
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to Basil Osman, care Worldwide Con- 
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4-567. Welding Engineer. Graduate 
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experienced in practical welding on all 
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That’s why P&H “AP” electrodes 
produce sound welds in all positions 
— faster and at lower cost 


“AP” is a 6010 electrode that does most anything you ask of it — 
on production, construction, or maintenance work. The secret of 
its success lies in the drive of its spray-type arc. This drive gives 


you plenty of peg#tration—the kind of penetration that lets 
you weld in allfpositions with good speed and good results. 


In addition to easy manipulation and speed, here are a few 
additional features that save welding time and money: 


Good tensile strength and ductility— “AP” rods are 
especially suitable for work where tied-up stresses are involved. 


Low spatter loss—The compounding of “AP's” special 
cellulose coating reduces spatter to a minimum. 


Slag removal is quick and easy — “AP's” flat-shaped bead 
is covered with an unusually thin layer of slag that can be 
removed easily. This feature and the absence of spatter saves 
considerable cleaning time and assures better-looking jobs. 


X-ray quality welds — Freedom from porosity is another 
important characteristic of “AP.” That is why “AP” is the 
electrode to use when you desire a high-quality X-ray deposit. 


Make a drive on your welding costs. Reduce them with P&H 
“AP” electrodes. Let your P&H representative or distributor 
show you why “AP” gets better results. Write us for literature. 
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The Work of the Ship Structure Committee 


» Introductory remarks by Rear Admiral Ellis Reed-Hill, Chairman, Ship 
Structure Committee, to open Symposium on Ship Structure Research, 
Annual Meeting, American Welding Society, Tuesday, Oct. 26, 1948. 


HIS morning, I am experiencing for the Ship Struc- 
ture Committee the satisfying feeling which comes 
to an actor or a musician when called back to the 
curtain for an encore. 

Last year I appeared before this body at its annual 
meeting in Chicago to introduce the first Symposium 
on Ship Structure Research, which had been arranged 
through the courtesy of the AMERICAN WELDING So- 
CIETY in cooperation with the Ship Structure Commit- 
tee. At that time a number of interesting and timely 
papers were presented by research investigators who 
had performed work which was under the cognizance of 
the Ship Structure Committee. Last year’s pregram 
was so well received that before the annual meeting was 
concluded arrangements had been started, at the re- 
quest of the AMERICAN WELDING Society, to present a 
second Symposium on Ship Structure Research at the 
annual meeting this year. 

It is extremely gratifying to me to appear before you 
under such circumstances. The papers which will be 
presented today deal with subjects which are fully as 
pertinent and as timely as those which were presented 
last vear, and they will be given to you by an extremely 
able group of Engineers and Scientists 

The Ship Structure Committee is, as you undoubtedly 
know, a cooperative effort on the part of the Army, 
Navy, Coast Guard, Maritime Commission and Ameri- 
can Bureau of Shipping, to prosecute a research pro- 
gram to improve the hull structure of ships by an 
extension of knowledge pertaining to design, materials 
and methods of fabrication. In the pursuit of its 
mission, it is believedthat the Ship Structure Committec 
achieved several notable steps during the past year 
The most important in the opinion of the Committee is 
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the promulgation by the American Bureau of Shipping 
of a new interim specification for ship steel which recog- 
nizes the need for control of the property: “notch 
sensitivity.”’ This specification was made possible by 
data and other information evolved in studies con- 
ducted under the sponsorship of the Ship Structure 
Committee. 

While the American Bureau of Shipping specification 
is based on chemical composition rather than physical 
performance, it is considered a step in the right direction 
and constitutes, therefore, the first milestone on the 
road to achievement of the goal, viz., a performance 
specification accompanied by a practical ‘mill type” 
test, which will adequately screen out all notch sensitive 
steels such as those which have been found at the origin 
of the fracture in every major ship casualty so far. 

It is also noteworthy that the incidence of cumulative 
major failures on all welded ships has been reduced 
markedly by rounding the hatch corners and fitting a 
riveted gunwale. This record justifies the various 
structural changes made to combat the fracture menace. 

Although the Ship Structure Committee has no 
direct administrative responsibility or authority in such 
matters, the information which the member agencies ob- 
tain through their membership in this joint committee 
is believed to have contributed to a large degree to the 
action taken early in 1948 requiring crack arrestors on 
all T-2 tankers and accelerating their installation. 
This program was highlighted and given added impetus 
by the complete structural failure of the T-2 tanker 
Ponaganset, while lying unloaded at a pier in Boston 
awaiting installation of the crack arrestors 

The increase in shipbuilding activities during the past 

Continued on page 88-s) 
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Fracture Characteristics of Ship Plate 
in Certain Small-Scale Tests 


By E. P. Klier,t F. C. Wagnert and M. Gensamer? 


In the present report the slow-bend notch-bar 
test previously discussed® is used to study more 
extensively the fracture characteristics of certain 
ship plate steels. Two notch radii, respectively, 
0.01 and 0.0015 im., were used and numerous 
duplicate tests wererun. The effects of fissuring 
and various normalizing temperatures have been 
in some measure studied. The results of edge- 
notched bar tensile tests are presented and dis- 
cussed. It is shown that for the test bar used 
transition phenomena from shear to cleavage 
failure need not correlate with transition from 
tough to brittle behavior for the steels studied. 
The results of testing are discussed very briefly 
with reference to Davidenkov’s’ theory of failure. 


Introduction 


HE initial steps in the development of a small- 

scale, laboratory test, which would accurately 

indicate the fracture characteristics of large in- 
ternally notched flat plate tension specimens,'? have 
been reviewed in an earlier publication.* The flat plate 
specimens numbered, among others, 72-in. wide speci- 
mens. These 72-in. wide specimens were as large as could 
be tested conveniently under controlled laboratory condi- 
tions, and were sufficiently large to indicate, with assumed 
fair accuracy, the fracture characteristics of the steels in 
ship structures. The adequacy of this latter assumption 
has yet to be proved, however. 

It has been generally assumed that the fracture char- 
acteristics of a series of steels will correlate in a series of 
pertinent tests. That this assumption is not generally 
correct, was pointed out in the earlier report.* This fact 
has also been pointed out in the evaluation of impact- 
test data obtained for varying notch geometry.‘ The 
failure of the standard Charpy test to correlate with the 
72-in. wide plate tests led to the progressive modification 
of the testing procedure, with the development of a slow- 
bend notch-bar test. The final slow-bend test bar which 
has been used is a modification of the bar suggested by 
Schnadt,* because it allows ready access to the fracture 
surfaces for visual examination. The fracture character 
istics of the steel can easily be determined from such 
examination, and it has been found that the transition 
temperature so determined is in excellent agreement with 


* Presented before the Twenty-Ninth Annual Meeting, A.W.S., Philadelphia 


Pa., week of Oct. 24, 1948 

The work reported here has been sponsored by the Ship Structure 
Committee, under Bureau of Ships Contract NObs-31217. The opinions ex 
pressed are those of the authors and are not necessarily those of the Ship 
Structure Committee or the Navy Department 

+t Division of Metallurgy, The Pennsylvania State College, State College 
Pa 

3 Assistant to Director of Research, Carnegie-Ilinois Steel Corp., Pitts 
burgh, Pa. Professor of Metallurgy and Head, Department of Mineral Tech 
nology, The Pennsylvania State College, State College, Pa., during the period 
in which this work was planned and in large part performed 
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that obtained from lateral contraction measurements on 
this test bar. 

In a further attempt to evaluate the fracture charac- 
teristics of the steels studied, an edge-notched tensile 
test, modified after Boodberg, et a/. to suit a small tensile 
machine,' has been examined. A related test procedure 
has been investigated extensively by Barr and Tipper.°* 

Both Boodberg, ef al.,! and Barr and Tipper,’ have 
determined transition temperatures from fracture ap- 
pearance in their notch-tensile tests. Barr and Tipper, 
in addition, have presented data on the yield point, ulti- 
mate strength, elongation and lateral contraction. These 
latter data do not, in all instances, show a transition 
from brittle to ductile behavior, which is particularly 
surprising for the elongation measurements. Since the 
elongation does not change abruptly through the critical 
range, as indicated by fracture type, it is necessary to 
conclude that energy absorption for the specimens tested 
below the transition temperature (by fracture appear- 
ance) has been high. Thus a cleavage type failure in this 
test need not, in general, be a brittle type failure. This 
conclusion is in essential conformity with the concepts of 
failure proposed by Davidenkov.? These concepts may 
be explained by means of Fig. 1. 

Two quantities are defined by Davidenkov, in addi- 
tion to the Ludwik® flow curve; namely a cleavage failure 
curve and a shear failure curve. It is postulated that 
fracture type is governed by the intersection of the 
flow curve with one or the other of the failure curves, 
being cleavage or shear for intersection with the respective 
curves. 

From these considerations it follows that a fracture 
type can advantageously be described with reference to 
three criteria; namely, behavior, appearance and mode.* 


* These designations are in current use in the Research Division of the 
Carnegie-Ilinois Steel Corp. 
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Fig. 1 Davidenkov Diagram of Mechanical 
Failure 
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Table 2—Gas Analyses of the Steels 


Steels No,* % Net % Nz, % 

A 0.004 0,004 0.004 0.0048 0. 0048 
ir 0.005 0.008 0.004 0.0040 0.0040 
Bn 0.006 0.004 0.005 

0.009 0.007 0.010 0. 0094 0. 0094 
Dr 0.006 0.004 0.005 0.0046 0.0046 
Dn 0.006 0.008 0.005 

E 0.005 0.002 0.005 0.0034 0.0034 
H 0.004 0.0044 0.0045 
N 0.005 0. 0048 0.0048 
Q 0.006 0. 0066 0.0065 


a 
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Fig. 2—Line Drawings of Test Specimens 


These are respectively subdivided into tough and brittle, 
fibrous and granular (crystalline) and shear and cleavage. 


The Testing Program 


In order to eliminate as variables the directional prop 
erties of the plate, all of the specimens were of the same 
orientation in the plate. t For the slow-bend notch bars 
the long axis of the specimen was in the rolling direction, 
and the notch axis was in the thickness direction. The 
edge-notched tensile bars were loaded in the direction of 
rolling. 

The program of tests was as follows: 

A. Slow-Bend Notch-Bar Test for: 

1. 0.01-in. radius milled notch, 60 specimen sets. 

t A slow-bend notch bar oriented with the long axis in the cross-rolling 
direction was studied, but the transition temperatures obtained for this 


orientation did not differ from those obtained for specimens oriented as de 
scribed above 


* Bethlehem Steel Corp 

+ Battelle Memorial Institute, Vacuum Fusion 

t Vanadium Corporation of America, H. Chandler 
§ Battelle Memorial Institute, Kjeldahl 


2. 0.0015-in. radius pressed notch, 60 specimen 
sets. 

3. '/ and */s-in. wide specimens, Steel A, with 
0.0015-in. radius pressed notch. 

1. Miscellaneous tests, Steel Br. 

5. Miscellaneous tests, Steel Bn. 

6. Steels A, Br, Dr and E; annealed at 400° F. 
for 6 hr. 

B. Edge-Notched Tensile-Bar Tests for: 
1. Available project steels. 


Steels 


The chemical and gas analyses of the steels are pre- 
sented in Tables 1 and 2, respectively. 


Testing Procedure 


Line drawings of the specimens tested are given in Fig. 
9 

Che slow-bend specimen is modified by having the 
compression zone drilled out. For testing, a hardened 
steel pin is inserted in this hole and the loading tup is 
made to bear on this pin. Since the test section of the 
specimen is under a tensile load, it separates entirely, 
even for a ductile break. A specimen with the pin in 
place ready for testing is presented in Fig. 3 

The tensile specimen is loaded through 
by means of appropriate shackles 

Bend testing was conducted on a tensile machine by 
means of adapting fixtures, as indicated in Figs. 3 and 4 
Specimens for testing were immersed in the liquid bath 
a minimum of 4 min. Since the time for testing one speci- 


the pin holes 


Table 1—Chemical Analyses of the Steels* 


Thermal 
Steel Treatment Mn, P, % % 

A As-Rolled 0.26 0.50 0.012 0.039 
Br As-Rolled 0.18 0.73 0.008 0.030 
Bn plate 1 Normalized 0.18 0.73 0.011 0.0380 
Bn plate 2 0.82 
Cc As- Rolled 0.24 0.48 0.012 0.026 
Dr As-Rolled 0.22 0.55 0.013 0.024 
Dn Normalized 0.19 0.54 0.011 0.024 
E As-Rolled 0.20 0.33 0.013 0.020 
H As-Rolled 0.18 0.76 0.012 0.019 
N As-Rolled 0.17 0.53 0.011 0.020 
Q 1625° F., HzO 0.22 1.13 0.011 0.080 

Quench— 1300 

F., 2 hr 


* Supplied by the Bethlehem Steel Corp 
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Si, % Al, % Ni, % Cu, % Cr. % Mo, Sn, 
0.03 0.012 0.02 0.038 0.03 0.006 0.003 
0.07 0.015 0.05 0.07 0.03 0.006 0.012 
0.04 0.013 0.06 0.08 0.08 0.006 0.015 
0.04 0.009 0.06 0.10 0.08 0.010 

0.05 0.016 0.02 0.038 0.08 0.005 0.0038 
0.21 0.020 0.16 0.22 0.12 0.022 0.023 
0.19 0.019 0.15 0.22 0.12 0.021 0.025 
O01 0.009 0.15 0.18 0.09 0.018 0.024 
0.16 0 053 0.05 0.09 0.04 0.006 0.004 
0.25 0.077 3.39 0.19 0.06 0.025 0.017 
0.05 0.008 0.05 0.13 0.63 0.006 0.018 
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Fig. 3—-Slow-Bend Fixture 


men is approximately ' , min., the testing was appreciably 
accelerated by the immersion of 6 specimens at a time. 
To ensure that the minimum holding time in the bath 
was sufficient to allow thermal equilibrium in the test 
bar, time-temperature curves for the mid-point in the 
critical cross section were obtained, and are presented in 
Fig. 5. It is evident that the specimen was at the tem- 
perature of the bath in approximately 1 min. 

Tensile testing was conducted in an appropriate liquid 
bath. A wedge extensometer was used to obtain an 
autographic record of the load-elongation curve. The 
test setup and adapting fixtures are indicated in Figs. 6 
and 7. To change specimens it was necessary to lower 
the container, Fig. 6. After the specimen and wedge 
extensometer were in place the container was raised as 
in Fig. 7. For temperatures below 32° F. the liquid used 
was acetone. This was cooled to the desired temperature 
with dry ice and held for 10 min. at temperature before 
testing. For temperatures above 32° F. the liquid bath 
was water. 


Representation of Experimental Results 
It has not been feasible in the slow-bend notch-bar test 


to make use of energy absorption measurements. How- 
ever, such measurements would normally be too costly 


Fig. 4 -Slow-Bend Testing Setup 
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WATER AT 40 °F 


TEMPERATURE 
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Fig 5 —Cooling Curves for Slow-Bend Bar 


and time-consuming. Further, most standard recording 
equipment would require modification to allow such 
measurements, and there is appreciable plastic deforma- 
tion under the specimen supports which should be elimi- 
nated if energy measurements were to be made. These 
difficulties are readily surmounted by the use of a differ 
ent method of determining the transition temperature. 
Two such methods have been extensively studied. 
The first of these consists in the measurement of the 
lateral contraction of the test bar in the critical cross 
section. There are three apparent locations where such 
a measurement might be made; namely, at the base of 
the notch, midway between the notch and the hole for the 
pin and adjacent to the hole. Results of measurements 
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Fig. 7--Tensile Testing Setup. Container Up 


at these three locations are presented in Fig. 8. Measure- 
ments at the base of the notch reveal a gradual drop in 
contraction with drop in temperature but the other two 
measurements reveal discontinuous transition ranges 
which are in close agreement. For convenience all 
measurements were subsequently restricted to the pin 
side of the specimen, because for this location it was not 
necessary to fit the broken halves of the specimen to- 
gether. These measurements at the pin have been re- 
ported as wo — wv; measurements, wherein wp and w; are 
the original and final lateral measurements. 

On occasion, difficulty is experienced in obtaining a 
sharply defined transition range for wo—w; measure- 
ments, cf. Fig. 9. This effect has been observed only for 
steels with a high temperature transition range. At a 
high temperature in the brittle range a rim of metal is 
left after the brittle crack has formed and this rim fails 
in shear, as the test is completed. The failure of the rim 
in this manner results in appreciable lateral contraction 
for a failure that is essentially a brittle failure. 

The second means available for determining the tran- 
sition range depends on an evaluation of fracture type. 
The transition range for the slow-bend notch-bar test so 
established agrees in all important details with the transi- 
tion range established by means of w)—w; measurements. 
The quantitative agreement of the two types of data is 
within 5° F. in most instances. Exceptions are observed 
however, for steels having a high temperature transition 
range. The fact that the transition range is easily de- 
terminable by visual inspection of the fracture surfaces 
marks this second procedure as the more convenient of 
the two procedures for general usage. 

The test results have indicated that a transition range 
rather than a single transition temperature will be ob- 
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served for most steels, For the slow-bend test this tran- 
sition range is about 30° F. wide. Through the transition 
range, values are generally high or low with but few 
intermediate values being obtained. The transition 
curves which have been determined to date have not in- 
dicated for the number of specimens tested that a 
marked trend in the number of brittle or ductile failures 
exists from one end of the transition range to the other. 
As a consequence, the only fairly well defined points in 
the transition range appear to be the limiting tempera- 
tures of the range. Of these two temperatures it would 
seem that the higher is the more important. This tem- 
perature has been reported as the transition temperature. 

The energy absorption, elongation, lateral contraction, 
fracture type, yield strength and tensile strength have 
been determined in the edge-notched tensile test. It has 
been found that there is not general agreement in tran- 
sition temperatures for these test data. It has further 
been observed that two transitions are sometimes indi- 
cated. This may readily lead to conflict, in particular if 
these two transition temperatures are not separately 
defined. Seemingly a suitable way of surmounting this 
difficulty is to speak of two transition temperatures, one 
based on energy absorption measurements, the other 
based on fracture type. This point is more fully dis- 
cussed in a subsequent section 

Throughout the report pertinent data have been pre- 
sented in graphical form. Transition temperatures, as 
described above, are also tabulated. Microstructures 
have been presented in a limited number of cases. 
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Fig. 9Lateral Contraction and Fracture Type Measurements for Steel E (Plate 17A1R). 


Notch Radius, 0.01 In. 


Fig. 10—Lateral Contraction and Fracture Type Measurements for Steel A. Notch Radius, 0.01 In. 


Experimental Results 


A. Slow-Bend Tests 

A—1, A—2—The results are presented graphically in 
Figs. 10 to 28. Transition temperatures are presented 
in Table 3. 

The 0.01-in. radius notch is the standard milled Izod 
notch. The 0.0015-in. radius is a pressed notch after the 
method of Bagsar.’ This notch was used to determine 
the effect of increased notch sharpness on the transition 
temperature, and, if possible, to restrict fissuring by in- 
creasing the notch severity. When the fracture surface 
exhibits fissures, lower transition temperatures are ob- 
served, presumably because the opening of the fissures 
diminishes the transverse tensile stresses and makes the 
notch provided by the advancing crack less severe. It 
would be expected that the results for Steel Br for the 


Table 3—The Transition Temperatures* in Degrees Fahren- 
heit for the Slow-Bend Test 


Fig. 11—Lateral Contraction and Fracture Type Measurements for Steel Br. 


0.01-In. Radius 0.0015-In. Radius Large 
Mitied Notch Pressed Notch Platet 
Steel Fracture Fracture Results 
A 0 55 65 65 35! 
—10 0 0 30! 
Bn 35 35 100 100 45! 
Cc 120 125 130 95) 
Dr Ho 60 30? 
Dn 40 10 30 30 302 
E 85 85 95 95 92? 
H —20 —25 0 0 20! 
N —20 —20 —4' 
Q 0 0 -5 


* The highest temperature in the transition range 


50% 


energy absorption; superior figures are reference numbers 
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Notch Radius, 0.01 In. 


two notch radii would be markedly altered, if this effect 
was obtained. A comparison of Figs. 11 and 21 indicates 
that no pronounced shifting of the transition range 
results from using the pressed sharp notch. For Steel H, 
on the other hand, the transition temperature measured 
for the pressed notch is 20 to 25° F. higher than that for 
the milled notch. It must be concluded that the pressed 
notch is of limited value in suppressing the fissuring 
action. 

As has been pointed out in an earlier section a discon- 
tinuance transition range is normally obtained with this 
test. Thus, over a range of temperatures both ductile 
and brittle failures may be obtained. It is not possible 
to satisfactorily account for this discontinuous transition 
range, but the data obtained for Steel E (Fig. 16, with a 
photograph of the specimens in Figs. 29(a), (4), (¢)) indi- 
cate that the width of this transition range may be due to 
the action of large fissures. Thus, the single specimen 
tested at 60° F. which suffers appreciable lateral contrac- 
tion in deeply fissured. On the other hand the single speci- 
men which yields a high lateral contraction value for test- 
ing at 75° F. is not seriously fissured, indicating that the 
behavior here may be due to material variations rather 
than to a change in the stress system arising from fissuring. 
For this steel then it appears that the transition range 
would be about 10° F. wide in the absence of large 
fissures. 

A wide transition range has not been indicated for the 
project steels in the earlier reports on the wide plate 
tests.':? More extensive testing in the 12-in. wide plate 
size reveals, however, that this wide transition range may 
exist much as has been observed for the slow-bend test 
data.'® 

The transition range normally is displaced to increas- 
ingly higher temperatures the more acute the notch. 
From the data of Zeno and Low,'! however, it appears 
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Fig. 12—Lateral Contraction and Fracture Type Measurements for Steel Bn. 
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Fig. 14 
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Fig. 13—Lateral Contraction and Fracture Type Measurements for Steel C. Notch Radius, 0.01 In. 


Fig. 14—-Lateral Contraction and Fracture Type Measurements for Steel Dr. 


also probable that a limiting maximum temperature is ap 
proached as the notch becomes more acute. This sup- 
position isSustained in part by the results obtained here 
For example, the transition range is unaffected by the 
change from the milled to the pressed notch for Steel 
Dn (Figs. 15 and 25). For steels A, Br, Dr and Q it is 
also probable that positive elevation of the transition range 


08: .080) 


Notch Radius, 0.01 In. 


does not exist. It is also pointed out that for steels 
which fissure due to the adverse strain state at the base 
of the pressed notch, an added cause for the elevation of 
the transition temperature might be expected. This 
factor may be responsible for the elevation of the transi- 
tion temperature for Steel H. 

It is believed, then, that in general the same results are 
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Fig. 15—Lateral Contraction and Fracture Type Measurements for Steel Dn. 
Fig. 16—Lateral Contraction and Fracture Type Measurements for Steel E. 
Lateral Contraction and Fracture Type Measurements for Steel H. 
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ig. 18—-Lateral Contraction and Fracture Type Measurements for Steel N. Notch Radius, 0.01 In. 
Fig. 19 Lateral Contraction and Fracture Type Measurements for Steel Q. Notch Radius, 0.01 In. 
Fig. 20 Lateral Contraction and Fracture Type Measurements for Steel A. Notch Radius, 0.0015 In. 


obtained for the pressed notch as for the milled notch, 
but in those instances where differences arise they may 
result in an improvement in the accuracy of the test 


when the pressed notch is used. 
For those data presented in Figs. 
25 and 26 for measure- 
ments it is reiterated that these 
data are in conflict with the frac- 
ture type data due to the intru- 
sion of the phenomenon previously 
discussed with reference to Fig. 9. 
It would appear that the fracture 
type data more properly indicate 
the behavior of the steel in these 
instances. 

The conditions under which the 
0.0015-in. radius notch is formed 
in the test bar are so severe that 
specimens have been observed to 
fail by the initiation first of a 
cleavage failure which after pro- 
gressing a short distance changes 
to a shear failure, Fig. 50. This 
behavior is contrary to what would 
be expected from previous experi- 
ence. This is evidently traceable 
to the highly localized plastic de- 
formation which accompanies the 
formation of the pressed notch. 
The cleavage crack once started 
has been propagated an appreciable 
distance into the specimen away 
from the affected zone under the 
notch before it has changed to a 
shear type crack. 

From Table 3 it is evident that 
the transition temperatures ob- 
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Fig. 21—Lateral Contraction and meme Measurements for Steel Br. Notch Radius, 
n. 


Fig. 22—-Lateral Contraction and meer Measurements for Steel Bn. Notch Radius, 
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Fig. 23—Lateral Contraction and Fracture Type Measurements 
for Steel C. Notch Radius, 0.0015 In. 


steels Br, H for the 0.01 
in. radius notch and for 
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Fig. 24—-Lateral Contraction and Fracture Type Measurements 
for Steel Dr. Notch Radius, 0.0015 In. 


steel Bn for the 0.0015 
in. radius notch. The re- 
sults obtained for the 
first two steels, as well 
is certain data obtained 
for Steel Bn will be more 
fully discussed in subse- 
quent sections. 
A--3.—It is known 
that the transition tem- 


perature is modified by 
the width of the specimen 
tested.'* Further, the 
modification of the transi- 
tion temperature by the 
width of the specimen 
is affected by the height 
of the specimen.'* As 
might be expected this 
interrelationship of speci 
men width and height 
factors is complex and 
cannot generally be an- 
ticipated. For the steels 
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which are under examina- 
tion this interrelation- 


ship, which is studied “5 Fig. 25—Lateral Contraction 
a function of width of Type Measurements for Steel Dn. 
the test bar aione as the 0.0015 In. 


height remains constant, 

becomes important due to the existence of fissures in the 
test sections. When these fissures are extensively de- 
veloped it appears that the effective width of the 
specimen is reduced by approximately one-half. In 
order that the action of these large fissures might be 
examined specimens of Steel A were machined from 
the center of */,-in. plate to 5/s and '/. in. widths. These 
specimens were the same in other dimensions as the 
Schnadt-type bar with 0.0015-in. radius pressed notch. 
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Fig. 26—Lateral Contraction and Fracture Type 
Measurements for Steel E. Notch Radius, 0.0015 In. 


The test results for these test specimens are presented 
in Figs. 31 and 32. It is apparent from a comparison of 
these data with the test results in Fig. 20 that no appre- 
ciable variation in the transition temperature results 
from this reduction in specimen width. 

It is not to be concluded, however, that specimen 
width is an unimportant factor in so far as the transi- 
tion data are concerned. This is notably emphasized by 
the photograph of the fracture in a specimen of Steel Dr 
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sented in Figs. 35 and 
36. These data do not 
agree with the data ob- 


tained initially for Steel 
Br. Further, these latter 
specimens do not show 


the tendency for develop- 
ing a large number of 
small fissures, although 


one set of specimens 
showed a _ pronounced 


tendency to develop 


large fissures. From the 
absence of the small fis- 
sures it would be antici- 


pated that the transition 
ranges for these last sets 
of specimens would be 


appreciably increased, 
and this is found to 
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be the case. Thus, the 
transition temperature 
of this steel has been 
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apparent correlation be- 
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Fig. 27—Lateral Contraction and Fracture 
Type Measurements for Steel H. Notch Radius, 
0.0015 In. 


presented in Fig. 33. This specimen was tested in the 
transition range. In the course of the development of 
the crack from under the notch, two fissures opened up, 
one each at the quarter and mid-points in the section. 
The fissure-free half of the specimen failed by a cleavage 
failure, while the other half of the specimen failed by a 
shear failure. Evidently the fissuring of the second half 
of the specimen caused a decrease in the intensity of the 
stress system at the tip of the crack and a consequent 
decrease in the transition temperature for this half of the 
specimen. 

It would appear from these data and from the results 
for Steel E, Figs. 16 and 29(a), (4), (c), that a decrease 
in specimen width to below '/. in. would cause a measur- 
able lowering of the transition temperature. At widths 
of '/, to */, in., for the test bar studied there appears to 
be no modification of the transition temperature due to 
variation in width. 

A—4.—An examination of the fractures for specimens 
of steels Br and H revealed that these steels did not, for 
the most part, fissure in the same manner as did the 
other steels. For steels Br and H the fissures were rela- 
tively small and closely spaced. This phenomenon has 
been used to explain the fact that the slow-bend test has 
not satisfactorily predicted the large plate behavior of 
these steels.’ Subsequent testing has served to strengthen 
this conclusion. 

For example, steel from three plates of Steel Br was 
available for testing. These plates consisted of (1) the 
original stock available for slow-bend testing, (2) a sec- 
tion from a 72-in. wide test plate and (3) three sections 
from a plate being tested at Swarthmore College. The 
test data for the first two plates are presented in Fig. 34. 
It is evident that the transition temperatures for the two 
plates are in complete disagreement. Because of the 
unknown strain history for plate B-1-A, the results for 
this plate can be accepted only with reservations, al- 
though it had appeared that this material had not been 
extensively prestrained. 

The test data for the third plate of Steel Br are pre- 
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Fig. 28—Lateral Contraction and Fracture Type 
Measurements for Steel Q. Notch Radius, 0.0015 In. 


Klier, Wagner, Gensamer—Fracture Characteristics of Ship Plate 


tween the transition 
temperature and the de- 
gree of fissuring. From 
these data it appears 
that the fissured condi- 
tion is not typical for 
Steel Br and from this it would follow that the low 
transition temperature is not typical. Finally, when 
the small fissures are not present the transition temper- 
atures measured with the slow-bend test are in satis- 
factory agreement with those measured from the 72- 
in. wide internally notched plate tension specimens. 

Additional plates of Steel H have not been available 
for testing. 

A—5.—Two plates of Steel Bn were available for 
slow-bend testing. A set of specimens was cut from the 
second plate and the transition temperature was deter- 
mined for this second plate. The data are presented in 
Fig. 37. It is evident from a comparison of these data 
with those presented in Fig. 12 for Steel Bn, plate 1, 
that this second plate is seriously different from the 
original plate of Steel Bn. This difference is so marked 
that it was thought that the steel was improperly iden- 
tified. To check the identity of the plate an analysis 
was obtained and is presented in Table 1. From a com- 
parison of the percentages of the residual elements it is 
almost certain that this second plate is Steel Bn. Further 
justification of this conclusion is afforded by the test 
results for the 0.0015 in. radius pressed notch, ef. Fig. 22. 

In an effort to determine the reason for the appreciable 
increase in the transition temperature of this plate of 
Steel Bn it was decided that a study of the effects of 
normalizing should be made.* Specimens of Steel Bn, 
plate 1, were normalized from 1550, 1600, 1650 and 
1700° F. The transition data are presented in Figs. 
38-43. Additional sets of specimens were run at 1600 
and 1650° F. to check the results obtained initially. 
The data presented here have been obtained for small 
specimens which have a relatively high rate of cooling 
from the normalizing temperature. Since the cooling 
rate effect has not been evaluated, the normalizing effect 
indicated here cannot be translated directly to larger 
sections. It may be expected for larger sections but 
possibly displaced to different temperatures. The dis- 
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*This experimentation was suggested by Dr. J. R. Low, Jr., The Pennsyl- 
, Vania State College 
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Fig. 29—Fracture Steel E 
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placement of the transition temperature in these experi- 
ments amounts to about 50° F. The variation with 
the normalizing temperature is not considered significant 
in the light of the scatter in transition temperature 
measurements with this steel. 

Photomicrographs for the specimens which received 
the various normalizing treatments are presented in 
Fig. 44. There appears to be no relationship between 
the microstructures observed and the transition tem- 
peratures obtained. 

A—f.—It has been suggested that certain of the 
differences in the transition temperatures for the project 
steels might be due to differences in their respective 
hydrogen contents. In an admittedly inadequate at- 
tempt to check this possibility specimens of steeis A, Br, 
Dr and E were heated to 400° F. for6hr. It was thought 


that this treatment was possibly the best considering the 
time available for this study, to indicate any possible 
effect resulting from hydrogen removal. 

The transition temperatures obtained for these speci- 
mens are presented in Table 4. The data for Steel Br 
are presented in Fig. 45. The curves for the other steels 
conform with those presented in Figs. 20, 24 and 26, 
respectively. This treatment has lowered the transition 
temperature for Steel Br by about 20° F. The other 
steels are unaffected by the treatment. A set of speci 
mens of Steel Br was then normalized from 1650° F 
The data for these specimens are presented in Fig. 46 
The transition temperature has been drastically lowered 
by this treatment which would not be expected to lower 
the hydrogen content of the steel. The slight improve- 
ment in one steel resulting from the low temperature 
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Fig. 30--Fracture in Steel Dr, 
Showing Change from Cleavage 
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Fig. 31—Lateral 


Fracture Type Measurements 
Specimen Width '/, In. Notch Radius, 
0.0015 In. 
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Fig. 32—Lateral Contraction and 
Fracture Type Measurements Steel A 
Specimen Width, */; In. Notch Radius 
0.0015 In. 
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Fig 33 Fracture in Steel Dr, 
Showing One-Half Cleavage and 
One-Half Shear Failure 
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Fig. 34—Lateral Contraction Measurements Steel Br (Plates Br 1 and B-1-A). 
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*Data presented in Figure 11 
** Data obtained with Specimens from large Plate Section 
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Table 4—The Transition 7 Ternperatures” in ° F. for the Slow- 
Bend Test for Specimens at 400 for 6 Hr. 0.0015-In. 
Radius Pressed Noten 


Steel Wy- Fracture 
A 65 65 
Br —40 —40 
Dr 45 45 
E 100 100 


* The highest temperature in the transition range 


treatment can hardly be considered good evidence for 
any effects due to hydrogen. 
B. Edge-Notched Tensile Tests 

The edge-notched tensile specimens investigated by 
Boodberg, ef al.,! were 3 in. in nominal width by nominal 
plate thickness. This specimen cannot be broken on the 
60,000-Ib. testing machine which was available for this 
testing program. Preliminary tests indicated that the 
test specimen presented in Fig. 2 could be handled 
satisfactorily. 

The effect of notch geometry was briefly studied, but 
was not completed because of lack of material. The 
brief survey which was conducted indicated that the 
transition temperature, as determined from fracture 
appearance, was constant for the 3 notch forms studied. 
These notch forms were a '/3-in. saw cut, a '/3o-in. saw 
cut terminating in a °/g-in. diam. drilled hole and a 
0.0l-in. radius V-notch, 45° included angle. The 
'/s-in. saw cut notch was used in subsequent work, as 
this notch was the most simple to machine. 

B-1.—The results of edge-notched tension testing are 
presented in Figs. 47 to 52 and in Table 5. In the 
figures, transition temperatures are indicated by arrows. 

The data for fracture type (Fig. 47) in each instance 
define a straight-forward transition range. Transition 
temperatures were taken as those points which corre- 
spond to a 50% fibrous fracture, except for Steel Dn for 
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Fig. 35—Lateral Contraction and Fracture 
Type Measurements Steel Br (Plate Swarth- 
more 1). Notch Radius, 0.0015 In. 
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By 
Fracture 
Steel Type 
A 90 
Br —30 
Bn? 90 
130 
Dr 75 
Dn 35 
E 100 
H 75 
Q 50 


s SPECIMENS FROM SECTION 2 
e SPECIMENS FROM SECTION 3 


Table 5—The Transition Temperatures in ° F. for the Edge- 
Notched Tensile Test 


By By 
nergy Lateral By 
Absorption Contraction Elongation 
110 
—40 —35 —40 (?) 
75 
30 (?) 115 30 
—45 (? —60 (?); 75 45 
—55 (? 40 —60 
10: 100 120 
75 ? 
—35 (? 


080 


80 


wW 
a 
5 
< 60 

uJ 
40 

fom 
20 


TEMPERATURE ‘°F 


Fig. 36—Lateral Contraction and Fracture Type Measure- 
ments Steel Br (Plate Swarthmore 1; Sections 2 and 3). Notch 


-20 0 20 40 


Radius, 0. 0015 In. 


060 
id 
| 040 
020 3 
000 
| 100 4 Re | ‘ 


| 
too} 

| w 

- | | e 
50 60 70 80 90 100 


TEMPERATURE °F 
Fig. 37 


Fig. 37—-Lateral Contraction and Fracture Type Measurements Steel Bn (Plate 2). 
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Notch Radius, 0.01 In. 


Fig. 38—Lateral Contraction and Fracture Type Measurements Steel Bn (Plate 1). Normalized from 1550° F. Notch 


which the transition temperature was taken as the mean 
temperature in the transition range. 

The energy absorption data (Fig. 48) are difficult to 
interpret, as frequently they do not reveal a transition 
from a ductile to a brittle failure despite the evidence 
offered by fracture appearance. Further, when a transi- 
tion range is revealed, it is not, in general, in agreement 
with that obtained from fracture appearance. The 
numerical differences in the transition temperatures by 
the two methods may be of the order of 100° F. For 
Steel Br alone correlation obtains for the two pro- 
cedures. 

It is to be concluded from these data that for the edge- 
notched tension test correlation does not exist between 
the transition temperatures determined from fracture 
appearance and from energy absorption measurements. 
Despite this, as is evident from Table 5, the transition 
temperatures obtained from fracture appearance data 
are in good agreement with the results obtained in the 
72-in. wide internally notched plate tension tests. 

The lateral contraction measurements (Fig. 49) and 
elongation measurements (Fig. 50) are particularly in- 
teresting in that they sometimes indicate two transition 
ranges. Most pronounced in this respect are the elonga- 
tion data for Steel Dr and the lateral contraction data for 
Steel E. For these sets of data the high temperature 
transition correlates with fracture data, while the low 
temperature transition correlates with energy absorption 
data. In general, however, it cannot be said that two 
clearly defined transition ranges exist—a fact that in all 
probability results from the limitations in the tempera- 
ture range studied. Thus, it is known that for steels 
Bn plate 2 and E the indicated transition effects for 
elongation measurements are to be correlated with 
fracture appearance because of the high strain values 
that are obtained below these transition ranges. This 
high strain value must disappear at sufficiently low 
temperatures, as the steels ultimately become completely 
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brittle, and there can be no appreciable energy absorption 
once this brittle state is attained. This lower transition 
in elongation measurements must correlate with energy 
absorption. 

The transition effects for lateral contraction measure- 
ments are frequently pronounced at the high temperature 
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Fig. 41 


from 1650° F. Notch Radius, 0.0015 In 


level, cf. steels Br, Bn plate 2, Dr, Dn and E, Fig. 49 
When this condition exists excellent agreement obtains be- 


tween the transition temperature indicated and that 
determined from fracture appearance, cf. Table 5. 
However, the determination of transition effects by 


lateral contraction measurements is not unambiguous 
in all instances, as is indicated by the data for steels 
A, C, H and Q. 


Discussion 


The data which have been obtained for the slow-bend 
notch-bar tests for lateral contraction measurements 
and for fracture appearances establish a transition range 
and temperature for the respective steels which is in 
good agreement with the large-scale test data. In no 
instance has there been a serious discrepancy in the slow- 
bend transition data by the two methods of representa- 
tion. This is not so, however, for the results of edge- 
notched bar tension testing. 

The experimental results for the edge-notched bar 
tensile test and for the slow-bend test may be considered 
with reference to Davidenkov’'s failure mechanism. It 
is pointed out that this failure mechanism is phenome- 
nological in character, and so the respective flow and 
fracture curves must be determined experimentally. 
The fracture curves, in particular, cannot be drawn from 
any theoretical bases. 

The flow curves in Fig. 1 are drawn to indicate the 
instantaneous stress on ‘the test section. The stress 
increases continuously to the point of failure. In Fig. 1 
the curvature of the cleavage fracture curve is such that 
a particular flow curve can be drawn to intersect it at 
each strain value to that at which the cleavage fracture 
curve is crossed by the shear fracture curve. From this 
it would be expected that for a test which conformed to 
this representation no break in the energy absorption 
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from 1650 F. Notch Radius, 
0.0015 In, 


vs. temperature curve—the energy absorption being 
measured as the area under the flow curve—would be 
found. This is seen to be the case for the notched-bar 
tensile test reported here. 

For the slow-bend test, however, it has been indicated 
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Type Measurements Steel Bn (Plate 1). Normal- 
ized from 1700° F. Notch Radius, 0.0015 In. 


| a 
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that the energy absorption values (as indicated by lateral 
contraction values) may be discontinuous with tempera- 
ture. For this to be true, it is necessary that the 
Davidenkov diagram be modified, and such a modifica- 
tion as indicated in Fig. 53 satisfactorily accounts for 
the behavior of the slowbend test. For this construction 
the test section is represented as failing by cleavage 
failure at low strain values. As is evident, the flow 
curve cannot cut the cleavage fracture curve at the 
intermediate strain levels which are denoted as the 
range Ae in the figure. As a consequence of this—on 
the assu:nption that the representation is correct 

failure cannot occur until the strain equals that given 
by the intersection of the appropriate flow curve with 


4 


A > 


(a) Air cooled from 1700. X100. 
(b) Air cooled from 1650. X100. 
(c) Air-cooled from 1600. X100. 
(d) Air-cooled from 1550. X100. 


Fig. 44—Photomicrographs of Steel Bn (Plate 1). After 
Normalizing from Different Temperatures 


the shear fracture curve. Since the areas under the 
flow curves change discontinuously through this range, 
the energy absorpiion in the test changes discontinuously. 
In this way also some of the discontinuous energy ab- 
sorption curves obtained in the impact test'? may be 
explained. 
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Conclusions 


1. It has been shown that the slow-bend notch-bar 
testing procedure using the Schnadt-type bar with a 
pressed notch of 0.0015 in. root radius, 45° included 
angle, for the most part yields satisfactory fracture data 
for correlation with the 72-in. wide internally notched 
plate data. 

2. Added information concerning the effect of speci- 
men width has been obtained. These data indicate 
that the transition range should be relatively insensitive 
to width so long as the width is between '/, and */,in. 

3. It has been possible for Steel Br to obtain correla- 
tion between ‘the slow-bend notch-bar test and the 72- 
in. wide plate test results, when fissure-free sections of 
plate were tested. 

4. For the edge-notched bar tension tests two transi- 
tion ranges are observed-—one associated with change in 
fracture type, the other with drop-off in energy absorp- 
tion. The transition temperature determined from 
fracture appearance is in approximate agreement with 
the 72-in. wide plate test results, while that determined 
from energy absorption measurements is not. 

5. These results have been discussed in the light of 
Davidenkov’s modification of Ludwik’s theory of failure, 
with which, phenomenologically, they in part agree. 
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Axial tension impact tests were made on a num- 
ber of project steels used in the ‘Wide Plate” 
investigation. The tests were made on notched 
specimens of various types. As a result of the 
preliminary tests a standard specimen was 
evolved, with a semicircular notch of 0.039 in. 
radius, a root diameter of 0.294 in., and an out- 
side diameter of 0.625 in. Tests were run on 
these standard specimens at a number of differ- 
ent values of initial energy of the pendulum, 
obtained by varying the height of the pendulum 
before release. Transition temperatures were 
determined from both energy absorption and 
reduction in area, with the same results. Both 
curves showed sharper and more distinct transi- 
tions when the initial energy was 110 ft.-lb. or 
less. The results of the tests with different 
values of initial energy indicate approximately 
uniform transition temperatures for the ‘‘E”’ and 
“C” steels, but a considerable decrease in 
transition temperature with the lower values of 
initial energy for the ‘‘A’’ and “D” steels. The 
transition temperatures for the lower energies 
are in fair agreement with the transition tem- 
peratures determined from static tests of inter- 
nally notched wide plates. The transitions for 
the “A” and “"C” steels at 220 ft.-lb. initial 
energy are practically the same, but at 110 or 45 
ft.-lb. there is a spread of 30 to 40° between the 
two steels. Although this spread is less than in 
the wide plate tests, it is in the right direction. 
In this regard, it should be noted that the ordi- 
nary Charpy test does not distinguish between 
these two steels. The tests are being continued 
to study other related properties of the steels. 
However, from present indications, the axial 
tension impact test appears to give fundamental 
and reliable information regarding notch sensi- 
tivity of structural steels. 


Introduction 


number of project steels were employed for notch- 
tensile static tests in which use was made of speci- 
mens which had a width of 12 to 72in. The wide plate 
tests are regarded as a means for comparing the possible 
behavior. of.structural steel making up the hull plate of 


THE previous ‘‘Wide Plate Investigation’’'? a 


* Presented before Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, 
Pa., week of Oct. 24, 1948. 

University of Illinois, Engineering Experiment Station, Urbana, IIl., in 
cooperation with the Office of Naval Research, Project N6 onr-71, Task V 
Project No. NR 031-182 

t Research Assistant Professor of Metallurgical Engineering, Department of 
Mining and Metallurgical Engineering, University of Illinois 

t Research Professor of Structural Engineering ,-Department of Civil Engi- 
neering, University of Ilinois. 


Fesruary 1949 Bruckner, Newmark 


Axial Tension Impact Tests of 
Structural Steels 


By W. H. Brucknert and N. M. Newmark? 


transport and cargo vessels. The development of small 
specimen tests which could be correlated with the wide 
plate tests has been considered as a possible criterion for 
the selection of steels for ship plate. Earlier attempts 
were made to correlate the data from Charpy V-notch 
and keyhole-notch flexural impact tests of the project 
steels with the wide plate tests.'~* The results of the 
tests indicated that there was a fair correlation with the 
wide plate tests in general with respect to the order of 
their transition temperatures but two semi-killed steels, 
“A” and “C,” which exhibited a large difference 
in the wide plate tests had practically no difference in 
the Charpy ,impact tests. Moreover, the transition 
temperature for the wide plate tests was easily de- 
termined by the sharp decrease in energy absorption 
while it was difficult in general to define the transition 
temperature for the Charpy tests because of the gradual 
decrease in energy absorbed as the testing temperature 
decreased. 

In initiating the current program of axial tension im- 
pact testing the objectives were to determine the condi- 
tions necessary for a sharp decrease of energy absorption 
in impact at the transition temperature, and to determine 
the correlation with the wide plate tests. The tests were 


made on the stock of some of the project steels remaining 
All of the project steels are 


from the wide plate tests. 


Photograph of Riehle Impact Testing Machine Show- 


Fig. 1 
ing Modification for Making Tests with Less Than 110 Ft.-Lb. 
Initial Energy 
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Fig. 2—Design of Specimens for Axial Tension Impact Tests 


described in detail with respect to chemistry, micro- 
structure and Charpy impact values in a paper by Klier, 
Wagner and Gensamer in THE WELDING JOURNAL.* 
The axial tension notched impact test was selected 
because of the advantages which it had over the Charpy 
test; e.g., a uniaxial tensile stress and a uniform notch 
which could be varied to effect any desired degree of 
stress concentration. The first part of the program was 
concerned with a survey of the effects of specimen size 
and notch geometry upon the shape of the curve result- 
ing from plotting the absorbed energy against the test- 
ing temperature. From the survey a standard specimen 
was evolved which had a semicircular notch of 0.039 in. 
radius, a root diameter of 0.294 in. and an outside di- 
ameter of 0.625 in. This standard specimen was em 
ployed in axial tension notch impact testing of a number 
of the project steels. The tests were made at various 
temperatures to define the change from ductile to brittle 
behavior. A standard Riehle impact testing machine 
was used. Only one pendulum was used for all the tests, 
the different initial energies being obtained by varying 
the initial height. One series of tests was carried out 
using a pendulum height to give 220 ft.-Ib. initial energy, 
another series of tests was made with a lower pendulum 
height to give 110 ft.-Ib. initial energy. The machine 
was modified to permit the use of initial pendulum 
energies in the range below 110 ft.-Ilb., and several series 


~ Table 1—Chemical Analyses of Project Steels in A 


Killed Steel D as Rolled 


IMPACT ENERGY IN FT.-L@ PER SO. IN 


4 8 20 60 20 240 280 32 
TEMPERATURE IN °F 
Fig. 3—Energy Absorbed at Different Temperatures by Axial 
Tension Impact Specimens, Type A, of Rimmed Steel E, As- 
Rolled, Killed Steel G, As-Rolled, and Killed Steel D, As-Rolled 
and As-Normalized 


of tests were made with the pendulum in position to give 
initial energies of 45 ft.-lb and less. 
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Methods and Materials 


A standard Riehle impact testing machine was used 
for all of the impact tests. Calibration of the 220 ft.-lb. 
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Table 3—Series 2, Tension Impact Tests of Types B and C 
Specimens of Rimmed Steel E, Killed Steel D and G, As- 
Rolled, and Killed Steel D, As-Normalized. Impact Tests 
Only for Room Temperature, 220 Ft.-Lb. Initial Energy 


Steel Spec. Root Percent 
Diameter, ft. 1b. ft. 1bd./in. Shear 


286 
120 


975 


355 
958 
384 
1054 
350 


(Killed) 3 ; Table 4—Series 3, Tension Impact Tests of Types B, C and 
: ; D Specimens of Rimmed Steel E, As-Rolled, 220 Ft.-Lb. 
Initial Energy 


Testine Tempe, Sner Percent Percent 
ear Reduction 
of Area 
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Table 2—Series 1, Tension Impact Tests of x 
of Steels E, Dr, Dn and G; 220 Ft.-Lb. Initial Energy } | 25 
Steel Specimen Testing Imnect Impact pte | > 
ure, 
deg. F. | 
Surfece + + + + + — 78 
Be? 3m) 16,9 344 190 + + + + + 
(Rimmed) A-4 300 14.0 321 190 j 
Be3 220 13. 324 99 } | 
125 10.0 231 60 
Be5 125 10.8 250 30 = ~ 
B-15 100 4.0 91 9 
B-14 100 110 0 
B-8 wis] 0 
Bel 112 0 
70 86 9 
B-6 32 qa 0 
A-5 32 92 9 
A-6 -20 83 
A-7 -20 71 0 + 4 ‘ | 
A-1 -20 ae 0 
A-2 -20 67 0 Zz 
A-11 ~60 69 ] 50 
A-13 -60 120 0 
h-16 -100 70 0 
A-15 -190 69 0 
Dr 17-16 220 12. 261 190 ze 
(Killed, 17-17 220 u. 330 190 
ss Rolled) 17-18 220 12. 284 190 
17-14 125 13. 292 92 ' - 
; 17-15 125 13. 292 88 oe 
17-19 70 12.0 269 30 es 
1%=1 7 13.3 297 50 
17=2 70 1.7 261 ” 3 
17-3 70 12.9 289 40 
17-20 50 12.2 275 15 me 
17-21 50 9.3 208 0 : 
17-22 50 175 0 
17=4 32 121 
17-5 32 143 9 
17-6 0 123 0 4 
17-7 126 ‘ 
17-8 -20 127 0 
17-23 =20 125 0 
17=24 -20 117 0 
17-10 -60 115 
; 17-11 -60 121 0 
17-12 -100 113 0 
17-13 -190 26 0 
On 11-20 225 11.3 261 190 > 
(Killed, 11-24 225 10.3 236 100 
Kormelized) 11-22 125 13.0 97 
11-21 125 12.° 291 97 3 
1-4 70 11.4 265 70 ; 
ll-15 70 10.9 257 60 
11-9 70 13.2 324 75 
32 9.3 217 20 = 
11-18 32 6.4 145 
1.7 0 9 5 
a E Rl 0.356 28.5 0 
11-17 -20 5.2 120 ) R2 0.295 8.2 0 
11-5 6. ? 
ll-2 60 0 Dr Kl 0.353 9504 Ll 40 
11-13 4.3 100 K2 06294 2he7 15 
li- a9 0 
300 230 Dn Lost 0.353 93.6 70 
-100 3.9 91 0.293 25.9 60 
11-8 -100 304 7 
-100 104 9 G 105e5 60 
G 226 13.6 30 190 
G-3 7 9.6 211 20 
G-22 70 13.2 292 30 
G-9 32 8.3 187 R5 a 120 29.0 427 190 bho? 
32 10.7 238 R7 B 125 12.3 120 19.3 
Ge23 32 10.9 245 R6 3 11.9 9.2 
32 19.0 225 Ra B 0 10.9 146 2.9° 
G-11 6.1 136 
G-12 0 506 125 R12 129 82 833 9 bhel 
G-13 -20 5.7 127 RY c 125 Tied TH 45 
-20 6.3 Rll c 27.2 280 15.4 
-20 6.9 132 R10 903 95 2.3 
G-16 -60 5.9 130 
6-17 5.3 lis D 129 63.5 647 99 35.9 
G-18 -190 304 75 R3 D 125 6.5 692 26 31.9 
6-19 -1090 4.8 196 D 7 19.2 195 8.8 
G=-20 ~100 3.7 83 R2 D 0 10.2 104 0 2.8 
69-s 


initial energy level of this machine indicated a value of 
221.3 ft.-Ib. which was within the limit of experimental 
error of the calibration and satisfied the requirements of 
the ASTM specification E23-41T. For impact tests at 
energy levels of less than 110 ft.-lb. the impact testing 
machine was modified as illustrated in Fig. 1. The 
modification consisted of a pair of accurately machined 
quarter-sections of an annular ring rigidly bolted to the 
frame of the testing machine, and provided with a means 
of holding the pendulum in position at a height required 
to give the desired initial energy of the pendulum. A 
pendulum release mechanism was also provided in the 
machine modiffcation. 

The impact tests were made at specific temperatures 
as determined by means of a No. 34 gage copper- 
constantan thermocouple which was standardized against 
a U. S. Bureau of Standards standardized couple. The 
thermocouple was placed at the bottom of the notch in 
the specimen and brought into intimate contact with the 
specimen by means of a tightly wrapped lead wire. The 
tests below room temperature were made by immersing 
the assembly of the impact 


upon reaching and holding for 15 min. a temperature gf 2 
to 4° above the testing temperature, it was screwed 
into the pendulum. The temperature of the specimen 
was observed to within one second or less from the time 
of fracture. 

In general, two or more tests were made at each tem- 
perature but for the earlier survey of the effects of speci- 
men size and shape one specimen at each temperature 
sufficed to show the trend. This was possible with the 
axial tension impact tests because the absorbed energy 
above and below the transition temperature is closely 
duplicated in multiple tests, in contrast with the general 
scatter of the Charpy impact tests on the same steels. 

Descriptions and analyses of the project steels used for 
the testing program are given in Table 1. Of these 
steels, those designated E, Dr, Dn and G were used in the 
wide plate tests made at the University of Illinois; 
steels A and C were used in the wide plate tests made at 
the University of California. All of the impact speci- 
mens were machined from */4-in. thick plates of the 
various steels. 


specimen, the tup and the ' — 
screw fitting (for attaching to | 
the pendulum), in a bath of — 
liquid which was cooled slightly 
below the testing temper- 
ature. The liquid was acetone 
for the earlier tests and later 
was replaced by a noninflam- 
mable, petroleum base, solv- 
ent mixture. Dry ice, COs, 
was used to cool the liquid 
which was held for long per- 
iods of time at the desired 
temperature level by placing 
the container in a specially 
constructed insulated box. 
The procedure in making 
the impact tests below room 
temperature was to cool the 
specimen to a previously de- 


IMPACT ENERGY IN FT.-L8 PER SQ IN. 


| 
—— — RIMMED STEEL E 
|—— —— KILLED, NORMALIZED STEEL D 
KILLED, AS ROLLED STEEL D 
KILLED, AS ROLLED STEEL 6 


0235" Dia. 


0.294" Dia. 


termined temperature, the 
temperature being measured 
by means of the thermocouple 
attached to the specimen. 
The specimen assembly was 


06 o7 08 40 
AREA IN SQ. IN 


TENSION IMPACT TESTS OF RIMMED AND KILLED STEELS TO DETERMINE EFFECT OF ROOT 
DIAMETER ON TESTS AT ROOM TEMPERATURE. 


held at temperature for not 
less than 15 min; upon re- 
moval from the refrigerant it 
was screwed into the pendulum 
of the impact machine. The 
specimen was broken after an 
elapsed time (always less than 
45 sec.) which previous calibra- 
tion had indicated was required 
to allow the specimen to heat to 
the desired testing temper- 
ature. The thermocouple was 
removed before the specimen 
was broken. 


For the impact tests abuve 
room temperature an accur- 
ately controlled heating oven 
was not available until re- 
cently; therefore, each test 
was made with the thermo- 


IMPACT ENERGY IN FT-LB. PERSQ IN. 


0352"Dia %4"0.0. 


0.352" Dia. - 7250.0. 


couple attached to the speci- 
men up to just before fracture 
The specimen assembly was 
placed in a drying oven and ROOT DIAMETER 
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TENSION IMPACT TESTS OF RIMMED STEEL E, AS ROLLED, TO DETERMINE EFFECT OF 
AND OUTER DIAMETER. 
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The basic design of the cylindrical specimen used is 
shown in Fig. 2, and the variations in the critical dimen- 
sions are given below the figure for all the tests which 
were made. 


5—Series 4 


Initial Energy 


Spec. Spec. Testing Temp., lapact Energy Percent Percent 
Type Noe deg. F. ft. lb. ft. 1b/in.é Shear 


5 21. ws 20 

150 2A. 49% 
6 140 23. 346 20 
17 140 20.2 2% 15 
1 149 16.9 244 5 
7 1x 17.2 251 10 
48 30 13.1 185 10 
58 120 10.9 154 0 
2 120 4.9 215 
19 120 8.7 127 9 
20 110 11.0 160 
26 8.6 121 0 
7 90 10.2 u9 te) 
2 8.2 119 

9 

0 

0 


r 51 250 404 9 
52 25 391 190 
49 219.2 403 9% 
48 200 509 97 
50 200 97 
32 200 384 100 
33 170 312 as 
34 170 352 95 
35 150 368 95 
4h 150 267 19 
45 150 20. 0 
53 130 15.8 228 1 
54 130 1.5 211 1 


299090009055 


0 
100 
100 %.5 
95 Bho 
95 33.8 
oe 33.4 
28.2 
9 i240 
95 35.8 
1 30 
1 17.1 246 15 23.0 
8 160 21.9 28 an 31.0 
18 150 249 359 25 28.2 
38 150 13.4 198 2 12.5 
3 150 16.3 249 2 18.0 
x» 150 18.8 283 20 26.8 
43 149 8.9 132 0 7. 
5 40 11.2 16 0 15.0 
47 130 8.3 127 5 8.8 
130 8.8 29 1 7.3 
32 82 14 0.6 
4 R2 8.3 133 3.8 
° 56 220 68.0 698 100 36.3 
26 20 60.0 615 bo] 39.2 
% 170 65.0 667 80 36s 
57 170 57.5 590 80 39-4 
69 160 56.1 576 90 33.5 
27 150 55-3 568 37.2 
54 150 57.8 591 50 32.5 
50 130 61.8 655 10 
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Results ot Tests 


Tension impact tests were first made with specimens of 
type A, Fig. 2, machined from steels E, Dr, Dn and G. 
The tests were made with an initial energy of 220 ft.-lb. 
in the pendulum and are designated as Series 1. The 
data for these tests are given in Table 2, and the cor- 


Table 6—Series 5, Tension Impact Tests of Type B Specimens 
of Rimmed Steel E, As-Rolled. Tests Made with Initial 
Energies of 220, 110, 45, 33.8 and 22.5 Ft.-Lb. 


Percent 
Reduction 
of Ares 


Snece Testing Tempe, 


NO. deg. * 


22 100 43-3 
23 220 100 45-8 
27 160 80 %.0 
20 127 19 28.5 
21 127 10 21.5 
26 128 10 26.2 
31 100 0 4.0 
32 190 0 13.2 
1 #1 0 7.8 

2 81 767 

5 0 0 7.8 

0 2.6 

0 5.2 

0 

0 7.9 

5-3 

1.3 


110 24 22 473 190 41.7 
25 20 470 190 3402 
28 160 422 90 Be? 
1% 127 329 25 29.6 
19 127 377 50 3.0 
2 190 13.9 
30 100 180 10.5 

3 81 160 0 Teh 
7 ie) 63 0 6.4 
0 103 404 
9 -40 91 7.7 
16 -1% 49 0 19.1 
7 52 0 3-3 


A 

A2 9.8 
90 11.0 
Ad 70 91 
A37 70 
32 0 406 
A29 32 5.8 
0 0 4.2 
A2® 0 509 
A5 -40 5 0 26 
A25 2.0 
33.8 Al? 452 36.6 
Al 140 3142 32.9 
Asa 120 3169 45 31.5 
A20 120 29.7 29 50 0.9 
AsO 115 15.9 228 3 16.7 
ALD 110 52 217 10 15.7 
110 29.8 430 26.3 
All 110 27.9 385 20 28.5 
A3 105 201 2 14.2 
As 100 12.7 182 3 12.9 
Adl 100 13.7 195 3 13.9 
alo 90 10.8 155 0 926 
A47 90 13.9 187 0 10.3 
22.5 A31 2 *1.£. 32> -- 18.5 
220 *I.E. 32> -- 18.5 
A36 110 *1.E. 318+ -- 17.8 
A33 110 *1.E. 321+ 154 


“Specimens did not break—-eriergy absorption was considered to be et least 
the amount of initial energy (I.E.) in the pendulum, Reduction of ares was 
determined for the unbroken specimens. 


. Rirmmed Steel E, As-Rolled, 220 Ft.-Lb. ‘ 
Ez 53 220 30 437 100 39.0 ; 
9 220 33 480 100 42.2 
10 17” 29.9 435 60 7 ee 
12 170 34.5 492 60 Percent J 
73 160 2.3 354 20 31.0 ib. ft. lb/in Sheer 
59 160 27.6 402 20 31.6 + 
“ 1 . 20 2562 220 
33.9 : 
30.2 
16.¢ 
20.4 
27.8 
12.9 
14.8 a 
6.7 
8.6 
7.6 
6.0 
3.7 
0 
38.5 
3743 
3769 
37. 
33.0 
28.3 
32.4 
41e4 
18.3 
16.7 
13.1 
137 Toh 450 220 3204 456 100 36.9 
38 71 9.1 133 6.0 A32 220 3201 463 100 
80 40 Al3 180 3209 468 97 3507 
43 n 8.2 122 8.7 A23 180 3403 482 97 
40 36 a, 118 302 Al6 30.1 428 50 3304 i) 
x” 32 2.6 127 he’ ALL 140 29.2 416 50 30.0 ; 
41 32 727 113 hel ALO 125 29.9 413 35 
5.9 1.3 Al9 125 18.7 267 0 17.8 
* 4 
; 139 52.6 600 20 31.5 A35 95 19.5 273 1 17.8 : 
130 49.3 413 ae 24.5 A38 95 12.1 170 1 17.8 
120 32.6 334 5 1.5 Ag 90 1.1 157 0 11.0 
120 34.6 355 5 18.9 A390 90 12.1 170 0 12.2 3 
110 30.5 313 10 15.3 AL2 9.7 140 Teh 
65 110 17.9 184 0 7.8 A22 7% 12.4 1% r) 10.4 
723 110 21.2 218 0 10.7 Al2 9.7 138 3.3 
7% 110 33.6 345 10 10.5 AL5 9.3 134 2.9 
4 75 110 20.9 214 10 19.9 Al, -40 8.3 118 0 2.0 
55 90 16.5 168 5.6 A30 -40 02 191 2.7 
90 1707 182 16.8 
51 32 16.3 167 5.3 
64 32 16.2 166 ry a 
70 -20 10.4 107 r) 0.9 
77 -20 9.4 97 0.0 
ae Bruckner, Newmark—Tension Impact Tests 71-s 
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responding impact energy-temperature curves are given 
in Fig. 3. The impact energy, in foot-pound per square 
inch of specimen area at the root of the notch, wasobtained 
by dividing the energy absorbed in the specimen by 
the original root area as determined from measurements 
of the root diameter. The latter was determined for 
each specimen by use of a microscope and a measuring 
device which could be read to 0.0005 in. or better. 

Figure 4 gives a comparison of the Series 1 tension im- 
pact tests and the Charpy V-notch tests for two of the 


Table 7—Series 6, Tension Impact Tests of Type B Specimens 
of Semikilled Steel A, As-Rolled. Tests Made with Initial 
Energies of 220, 110 and 45 Ft.-Lb. 


Initial Specimen Testing Impact Ene: Per cent Per cent 
Energy, Nuaber Tesp., Shear Reduction 
ft. 1d. Dez. F. of Area 
220 7 220 29.8 433 100 39.7 
12 220 29.2 418 100 
3 180 w.2 436 100 1.2 
6 1£0 28.7 ki2 100 39.3 
140 27.9 396 95 36.7 
5 140 27.9 4o2 100 37.0 
10 125 26.3 ge 50 35.5 
15 125 26,0 7 80 36.5 
19 125 25.8 270 32. 
110 25.3 361 20 3.2 
13 110 ek.s 351 20 32.6 
16 110 16.0 2n 20 21.1 
20 110 23.3 334 60 0.7 
22 110 19.9 287 10 22,2 
22 110 21.8 33 10 27.9 
23 11.9 171 12.3 
26 90 15.7 228 ft) 17.5 
25 90 10.8 154 1 10,4 
1 15 11.2 162 0 11.8 
14 75 10,1 145 ° 9.6 
7.2 102 4,0 
9 ° 7.8 110 ° 4,0 
18 “4 5.3 77 ° 1.4 
2u 40 5.2 ° 2.0 
110 Fw 220 29.7 100 
B26 220 30.5 100 37.6 
B25 159 36.1 foo 100 37.5 
B19 180 28,2 22 100 3.5 
| 140 28.7 426 99 36.8 
51s 140 27.8 99 36.8 
110 23.0 337 28,8 
nak 110 24.7 32.3 
BT7 90 20.0 293 20 24.2 
B21 90 24.1 352 20 28.2 
T% 13.8 202 0 14.5 
B2 7% 10.0 145 12, 
B3 60 6.6 126 0 £.6 
Bo 60 8.3 121 5 8.0 
Bl 32 4.7 69 0 4,1 
B15 32 6.6 23 6.8 
B13 32 8.0 117 ° 5.3 
Bll 2.5 2.6 
Bi2 6.9 103 0 
B24 5.5 60 0 
us 5a 140 99 33.4 
6A 140 3.3 99 33.0 
r 100 28.5 421 97 32.6 
Pua 100 26.1 386 85 29.8 
80 25.8 381 10 28.0 
60 21,2 12 5 23.0 
FL7a £0 19.8 292 5 20,1 
ru 79.5 23.2 99 15.5 
r 2 79.5 17.2 254 2 16,4 
B23 77 27.8 406 10 27.6 
Tiga 70 17.2 252 2 17.2 
rola 70 15.6 230 1 15.0 
TL9A 70 15.1 222 2 14,4 
ro3a 70 15.0 221 1 13.1 
B22 60 18.5 271 2 1 
60 15.6 290 2 11.3 
F20A 60 15.2 224 1 15.0 
B20A 60 13.8 203 1 11,2 
Fe 60 11.9 175 2 7.95 
T 9A 50 13.6 202 1 11,0 
Fela 50 13.4 197 1 10.9 
FlOa 50 12,6 185 1 9.23 
12,8 18 0 10.5 
Be 11.7 in 10.7 
P25 4o 11.1 164 ° 6.49 
BOA 4o 6.8 129 6.1 
mu 20 12.2 180 ° 5.46 
Fiza 20 11.6 170 0 6.76 
-20 10,2° 149 3.06 
rua -20 6.8 ° 3,42 


steels, E and Dr. It is apparent that the transition is 
more clearly defined by the axial impact test than by the 
Charpy test. 

The next series of tests, designated as Series 2, was 
made with specimens of types B and C, Fig. 2, machined 
from the same steels E, Dr, Dn and G. The tests were 
made only at room temperature (72° F.) to survey the 
rate of increase in energy absorption with increase in 


Table 8—Series 6, Tension Impact Tests of Type B Specimens 
of Semikilled Steel C, As-Rolled. Tests Made with Initial 
Energies of 220, 110 and 45 Ft.-Lb. 


Initial Specimen Testing Per cent Per cent 
Energy, Number Tepp., Shear Reduction 
ft. 1d, deg. F. of Area 
220 7 220 26.0 371 95 28.9 
ec 220 25.9 374 98 3.3 
180 23.7 se 70 29.7 
6c 180 23.8 wg 70 29.7 
18¢ 160 25.8 375 80 22.6 
14c 160 24.8 358 4o 25.7 
19C 160 26.3 50 29.6 
1¢ 140 27.9 2 20 28.0 
22c 140 21.9 315 15 26.7 
gc 125 19.3 281 15 23.5 
15¢ 125 21.2 306 15 24.0 
16C 125 20,2 292 10 23.4 
11¢ 110 11.9 172 2 10.5 
110 12,8 185 3 12,4 
1%¢ 110 19.2 277 10 21.1 
26¢ 110 16,2 23? 10 17.3 
uc 90 21,1 305 1 25,1 
90 10.0 0 9.2 
ake 90 10.4 150 8.7 
17¢ 390 19.9 289 2 10.5 
2c 75 8.7 125 6.0 
xc 75 10.1 149 8.0 
20¢ 0 7.7 111 f°) 2.7 
21¢ 9.2 132 3.9 
10¢ so 7.7 113 0 1.9 
25¢ 6.8 99.4 1.2 
110 Dx 220 24.6 355 99 3.4 
220 22.9 og 27,1 
160 21,0 308 75 28,1 
D 6c 180 23.5 339 80 28.5 
D22c 140 19.9 295 20 26.0 
140 21.4 313 20 24.6 
Deke 125 17.4 251 15 21.7 
psc 125 21.8 317 15 2 
D 5¢ 110 14,3 20 2 17.9 
Dic 110 13.5 198 2 14,3 
be5c 100 11.6 169 5 13.6 
D kc 100 7.5 110 2 8.9 
90 10.0 146 1 12,4 
D1OC 90 7.5 108 0 9.8 
D 8c 70 7.0 102 0 6.0 
D13¢ {9 8.0 11] 0 6.6 
2 6.8 99.5 5.3 
De 32 6.8 98.6 5.7 
5.3 73 2.9 
Dx 6,0 &g 3,2 
E10C 180 505 96 5.5 
ESC 180 34.0 499 99 36.9 
5C 140 34.2 49g 65 35.1 
BOC 140 32.7 4go 60 
125 0.2 55 33.0 
E23C 125 26,2 384 10 24.6 
110 457 20 29.7 
B1gc 110 30,2 10 30,8 
E20C 110 28,8 5 31.0 
Dic 110 23.3 339 15 26.9 
E uc 110 17.5 258 2 16.9 
110 16,6 aks 2 15.6 
110 5 26.8 
D16¢ 100 21.3 312 10 22,2 
E25¢ 100 18.9 280 2 17.6 
E17C 100 17.8 2b2 2 17.5 
bebe 100 15.4 227 10 21.1 
B2uC 100 13.9 202 1 12.6 
9 14.7 214 5 17.4 
5 13.2 190 14,2 
E sc 90 16,1 2% 9.23 
gO 13.6 199 0 14.7 
90 11.3 166 12,2 
B2c 81 13.5 199 0 8.7 
E1C so 217 0 10.9 
B16 79 12.7 188 2 9.0 
32 10,4 153 5.75 
6.6 121 0 6.47 
12.4 183 4,81 
0 5.9 86.4 0 1.47 
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specimen area under the notch. The tests were made 
with an initial energy of 220 ft.-lb. The data from the 
tests are given in Table 3, and a comparison of the ab- 
sorbed energy per unit of area of cross section for speci- 
mens of types A, B and C is shown in Fig. 5. It should 
be noted that room temperature (72° F.) is below the 
transition temperature of steel E and is above the tran- 
sition temperature of the other steels. 

The energy absorption of the specimens with the 
larger root diameters was greater than that for the Type 
A specimens, and since the impact energies of the types B 
and C specimens were a greater proportion of the 
capacity of the machine, it was felt the energies for these 
specimens could be more accurately measured than for 
the Type A specimens. 

Several series of tests were made using an initial 
energy of 220 ft.-Ib. with specimens of only one steel, E 
as-rolled, having notch diameters of either 0.294 or 0.352 
in. The specimens of one series, designated Series 3, 
were of the types B, C and D. ‘The purpose in testing 
this series was to determine the effect on the transition 
temperature of the root diameter, and to determine with 
the largest root diameter of 0.352 in. the effects of in- 
creasing the outside diameter to the maximum obtain- 
able from the * /,-in. thick plate from which the specimens 
were machined. Only one specimen was tested at each 
temperature. The data for this series are given in Table 
4. It will be noted that the per cent reduction of area is 


Initial Energy 4 


220 Ft.-Lb. 


-20020 6 


initial Energy 
NO Ft-Lb. 


Q 

| 

-20020 60 


Initial Energy 
45Ft-Lb. 


T 


60 200 20 60 100 40 220 260 


TEMPERATURE IN °F. 
Fig. 11—Tension Impact Tests, Series 5, of Type B Specimens 
of Rimmed Steel E, me 3 220, 110 and 45 Ft.-Lb. Initial 
ergy 


74-s Bruckner, Newmark—Tension Impact Tests 


given in the last column of the table. The reduction of 
area was determined from the original area and the 
fracture area determined from measurements of root diam- 
eter under the microscope. The impact data given in 
Table 4 are also given in the curves of Fig. 6. The im- 
pact energy-temperature curve for the smaller specimens 
(Type A) is also included in Fig. 6 for purposes of 
comparison. 

The other series of tests, designated as Series 4, was 
made with the larger specimens of types E, F, G and H, 
Fig. 2. In this series, each critical dimension, the outer 
diameter, notch diameter and notch radius, were varied 
separately: thus types E and F differed only in external 
diameter, F and G only in radius at root of notch and G 
and H essentially only in root diameter. Also, specimen 
types E and H were completely similar geometri- 
cally. 

A large number of specimens were tested in order to 
define the transition temperature accurately. The data 
for the impact tests made with this series of specimens 
are given in Table 5. Figures 7 and 8 give the impact 
energy-temperature curves for the data in Table 5. All 
four curves of Figs. 7 and 8 are compared with each other 
in Fig. 9. A plot of the per cent reduction of area vs. the 
energy absorption for the four types of specimens tested 
in tension impact in the Series 4 tests is shown in Fig. 10. 
The relation is approximately linear, but there is a fair 
amount of scatter. 


Initial Energy 
220 Ft-Lb. 


LZ 


initial Energy 
HO Ft-Lb. 


> 
-80 -40 0O 


PERCENT REDUCTION OF AREA 


Initial Energy 
45Ft-+b. 


4 8 120 60 200 240 
TEMPERATURE IN°F. 
Fig. 12—Per Cent Reduction of Area Vs. Temperature, Series 
5, Type B Specimens of Rimmed Steel E, As-Rolled; 220, 110 
and 45 Ft.-Lb. Initial Energy 
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The data obtained from the four series of tension 
impact tests indicated that specimens of type B would be 
most suitable for a comparison standard in determining 
the transition temperature of the project steels. All 
subsequent tension impact tests were therefore made 
with the selected standard, Type B specimens. 

The next series of tests, Series 5, was made on speci- 
mens machined from the rimmed steel E as-rolled. 
Complete tests were made to determine the transition 
temperature for five different initial pendulum energies 
of 220, 110, 45, 33.8 and 22.5 ft.-lb. The data are given 
in Table 6. The impact energy-temperature curves 
corresponding to the data in Table 6 are given in Figs. 11, 
12 and 13. 

The next series of tests, Series 6, was made with stand- 
ard Type B specimens machined from the semikilled 
steels Aand C. The transitions for these steels were not 
separated in the Charpy impact tests previously made, 
although the wide plate tests clearly indicated the supe- 
riority of steel A since it had a considerably lower transi- 
tion temperature than steel C. A large number of speci 
mens were tested at each temperature, with initial 
energies of 220, 110 and 45 ft.-lb. Tables 7 and 8, and 
Figs. 14 and 15 summarize the data for the Series 6 tests. 

A final series of tests, Series was made with 
standard Type B specimens machined from the killed, 
as-rolled, steel Dr and the killed, normalized steel Dn 
A large number of specimens was tested at each tempera- 
ture, with initial energies of 220, 110 and 45ft.-lb. The 
data for this series of tests are given in Tables 9 and 10 
and the curves of impact energy vs. temperature corre- 
sponding to the data are given in Figs. 16 and 17. 


Discussion of Test Data 


General 


In addition to the plots of absorbed energy and of 
reduction in area vs. temperature, an attempt was made 


to analyze the data by plotting impact energy per unit 
of area at the root of the notch after fracture vs. tempera- 
ture. Although these fracture area-impact energy 
curves gave substantially the same trend of results as the 
other plots, there appeared to be somewhat less scatter 
in the transition range for these plots. As an illustra- 
tion, fracture area-impact energy curves for steels A and 
C are given in Figs. 18 and 19, respectively. These are 
given primarily because of the interest in these two 
steels, and for completeness in presenting the data 
concerning them. The fracture area -impact energy 
curves for the other steels had the same general ap- 
pearance: 

A summary of transition temperatures determined by 
various means from the test data is given in Table 11. 
Values are given for transition temperature obtained 
from absorbed energy, reduction of area and from the 
impact energy per unit of fracture area. In addition, 
the temperature corresponding to a 15% reduction in 
area at the root of the notch is listed. The tabulated 
transition temperatures are subject to some uncertain- 
ties and are estimated only to the nearest 5°. Differ- 
ences in transition temperature of 10° or less are not re- 
garded as significant in these data. 

For comparison, values are given in Table 12 of transi- 
tion temperatures for the same steels as determined by 
Charpy V-notch and by keyhole-notch flexural impact 
tests (from Table 8 of the paper by Klier, Wagner, and 
Gensamer‘), and as determined by the wide plate tests at 
Illinois and California. 


Series 1 

The results of the Series 1 tension impact tests of 
Type A specimens of the three killed steels and one 
rimmed steel show that there is a well-defined transition 
temperature for the steels E and Dr. For the steels Dn 
and G the drop in the impact energy-temperature curve 
is not sharp and definite. However, the maximum 
energy absorption just above room temperature for the 
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Steel E, As-Rolled; 33.8 and 22.5 Ft.-Lb. Initial Energy 


Tension Impact Tests 


Type A specimens was only about 15 ft.-lb. 
which is less than 10% of the capacity of the 
impact-testing machine at the 220 ft.-Ib. initial 
energy level. The Type A specimens were 
quite delicate to handle during impact testing 
and great care was required to avoid plastic 
deformation in the test section prior to test- 
ing. There was also the possibility of an error 
in testing the Type A specimens in impact due 
to the bending moment produced in the notch 
area by the heavy tup while the pendulum was 
in motion. These considerations dictated the 
use of specimens of larger cross-sectional area. 
However, the geometrical proportions of the 
axial impact specimens in Series 1 appeared 
to be about right since the transition temper- 
atures were within about 20° F. of the transi- 
tions determined from the wide plate tests. 


Series 2? 

The objective of this series was to deter- 
mine a root diameter of the notch to give a 
greater energy absorption than for the Type A 
specimens, yet not so great as to prevent 
using the testing machine at several initial 


energy levels. It was apparent that the Type 

C specimens, which absorbed nearly 100 ft.-Ib. 

} in the ductile range, were too large, whereas the 

' Type B specimens with about twice the energy 
absorption of the Type A specimens would 
: require only about 25 ft.-Ib. for fracture in the 


ductile range. The decision was therefore 
made to standardize on the root diameter of 
0.294 in. for the major part of the work. 
The radius of notch and the outer diameter 
remained to be investigated. 


Series 3 and 4 


The results of the Series 3 tests are less 
dependable than those of the other Series since 
so few specimens were tested. This series and 
series 4 were intended to arrive at the outline 
of notch to give the most consistent results with 
| as close a correlation to the wide plate tests 
as possible. The Series 3 tests indicated 
roughly that with larger root diameter the 
} transition is lower, and for a given root di- 
ameter the effect of an increase in external 
diameter is to raise the transition. These 
effects are consistent with the changes in stress 
concentration at the notch. 7 8 

The results of the Series 4 tension impact 
tests indicate as in Series 3 the effects of increas- 
ing the root diameter of the tension impact 
specimens from 0.294 to 0.352 in. The other 
dimensions, outer diameter and notch radius, 
of the type E and H specimens are related to 
each other in the same ratio of 294/352, thus 
making the E and H specimen types geometri- 
cally similar. The specimens of type F and G 
were included to determine the cumulative 
effects of the changes made in the Type E 
specimen to arrive at Type H as the end 
product. The results given in Table 11 show 
that the transition temperatures for types E, 
F and G specimens increase in this order 
although the increase is slight. The increase 
in the transition temperature of Type F 
compared with Type E is a logical one and is 
to be expected because of the increased con- 
centration of stress ‘resulting from the larger 
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outer diameter. The second result, an in- 
crease in the transition temperature of Type 
G specimens with the larger root radius is 
entirely unexpected and may be due to the less 
definite indication of a transition range. For 
the specimens of Type G the impact-temper- 
ature curve showed a more gradual decrease 
in energy absorption with decrease in temper- 
ature as contrasted with the sharp transition 
range of the other types of specimens. 

The type E and H specimens, which were 
geometrically similar in shape, had about 
the same transition. This is not unexpected 
since the change in size is small, and the 
size effect may not be important in this 
range. 

As a result of these studies it was decided to 
standardize on the Type B specimens for fur- 
ther tests. 


Series 5, 6 and 7 


These tests constitute the major part of 
the paper. All tests were made on specimens 
of Type B, and several different initial energy 
levels (220, 110, and 45 ft.-lb., generally 
were used for each steel. 

The general trend of the various curves 
of impact energy vs. temperature is the 
same. There is more scatter, particularly 
in the vicinity of the transition range, for 
tests with an initial energy of 220 ft.-lb. than 
for the lower values. In the ductile range 
or in the brittle range, away from the transi- 
tion zone, the energy absorption in the speci- 
men is apparently independent of the initial 
energy of the pendulum. This is not true for 
very low values of initial energy compared 
with the energy required to rupture the 
specimen. There is a tendency for a greater 
apparent absorption of energy when the 
specimen is given barely enough energy to 
cause failure. This is shown, for example, 
in Fig. 15, where almost 50 %% more energy 
is absorbed at 160° F. for an initial energy 
of 45 ft.-lb. than for the higher initial en- 
ergies. 

The curves of reduction in area vs. temper 
ature have almost the same features as the 
curves of energy absorption. This is to be ex- 
pected from the linear relation between impact 
energy and reduction in area shown in Fig. 10. 
Also, because of this relation, the curves of im- 
pact energy per unit of fracture area show 
almost the same features as the curves of 
impact energy per unit of original area at the 
root of the notch. 

Transition temperatures determined from 
these various curves are reported in Table 
11. The transition temperatures obtained 
from reduction in area are in every case within 
5° F. of those determined from impact 
energies. The transitions determined from 
the fracture area-impact energy curves vary 
from 5° lower to 20° higher, but are gener- 
ally just slightly higher than the transitions 
determined from impact energy alone. The 
transitions determined from the point where 
a 15 % reduction in area is obtained are 
generally 5 to 10° lower and in some cases 
range up to 15° lower than the transitions 
determined from impact energy. 
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Conclusions 


Effect of Initial Energy 

The transition temperatures for project steels E, A, C 
and D are plotted in Fig. 20 as a function of the initial 
energy of the pendulum of the testing machine. It 
appears that.steels E and C have approximately constant 
transitions of 115 and 110° F., respectively. However, 
steels A, Dr and Dn show a significant decrease in transi- 
tion temperature with decrease in initial energy. 
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From tests at 220 ft.-lb. only one could not conclude 
that steel A is less notch-sensitive than steel C. How- 
ever, at 45 ft.-Ib. the transition temperature of steel A is 
clearly 30 to 45° F. lower than that of steel C. This is 
consistent with results of the static tests of wide plates, 
but the separation of the two steels is not quite as great 
in the axial impact tests as in the wide plate tests. 

This result suggests the possibility of obtaining more 
reliable information from the ordinary Charpy tests, 
which does not separate steels A and C as shown in 
Table 12. Perhaps a more distinctive result would be 
obtained with the Charpy test at a lower initial energy 
level. 

In these tests the different values of initial energy 
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Table 11—Summary of Transition Temperatures 
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were obtained by changing the height but not the mass 
of the pendulum. 
was altered. Further studies are planned in which the 
initial energies are varied while the velocities are kept 
constant. However, it must be noted that the variations 
in velocity required to achieve the different initial 
energies in this report are relatively small. And there is 
certainly a difference in the behavior of the different 
steels with changes in initial energy. 
Comparison with Wide Plate Tests 

At the initial energy level of 45 ft.-lb., the transition 
temperatures determined by axial impact tests differed 
from those determined by tests of 72-in. internally 
notched wide plates by the following amounts: for 
steel E, 20° higher; for steel C, 20° higher; for steel 
A, 45° higher; for steel Dr, 10° lower; and for steel 
Dn, 13° lower. On the whole, this constitutes a 
fair agreement, not only in relative order, but also in 
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Table 12—Transition Temperatures of Charpy Notch I t 
and of Wide Plate of Project 
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actual temperature of transition between ductile 
brittle fracture. 


and 


General Features of Axial Impact Tests 


The most consistent results are obtained from axial 
tension impact tests when the specimen is notched in 
such a way that practically all of the energy must be 
absorbed in the region of the notch. The Type B speci- 
mens filled this condition. Sharper and more definite 
transition regions are obtained at the lower values of 
initial energy. An extremely sharp notch is not required 
to give transition temperatures in the range of those 
determined from static tests of large plates with internal 
notches. 

One of the most interesting features of the test is the 
possibility of using reduction of area at the root section 
to determine the transition range. This means that 
simpler testing machines can be used; drop-testing 
machines, for example, would be adequate, and only 
medsurements of temperature and diameter before and 
after fracture are required. Another possibility is to 
use an initial energy capable of fracturing a specimen in 
the brittle range but not in the ductile range. This 
would make even the measurement of diameter change 
unnecessary. 
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Discussion by Wendell P. Roop* 


The paper proposes the energy value found in a notched 
tensile bar tested in an ordinary impact machine as a 
criterion for selection of a steel for structural use. Since 
the strength of structural steels is already adequately 
measured by the unnotched tensile bar under static load, 
it is understood that the quantity to be evaluated in the 
proposed manner is the ductility of the material in the 
notched condition. 

The use of energy absorption in a laboratory test as an 
index of working ductility is widely accepted and needs 
nocomment. The question is whether the proposed test 
treats the material in a manner enough like the static 
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tensile test of a notched plate to assure correlation of re- 
sults by the two tests. 

The Charpy test is agreed to be inadequate for this 
purpose because of its famous failure to discriminate be- 
tween ‘‘A”’ and ‘“‘C”’ steels. Slow bend tests of specimens 
similar to the Charpy are better in this respect. The im- 
pact tensile test is stated to effect the desired discrimi- 
nation provided a sufficiently slow-moving pendulum is 
used. All this suggests that the cause of the failure of 
the Charpy test lay in the impact loading, and that a 
static test is preferable. 

As between bending and tensile loading, I agree with 
the authors in preferring tension. The notch is necessary 
as everyone agrees. If then the static test is preferred 
and impact loading is confined to low hammer speeds and 
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used then only for its convenience in quick energy deter- 
mination, the only remaining question would relate to 
the choice between a round bar and a flat bar, such as 
permits use of an internal notch. 

The notched round bar has had extensive use by Sachs 
and his associates, and at the A.S.T.M. Symposium of 
June 1948 in Detroit he gave extensive data, part of 
which may be applied to the results of the work reported 
in the present paper. Sachs’s work was done on medium 
steel of the general sort used in structures, but of higher 
strength. In the plastic stress-strain curve represented 
by o = ae’’* the value of the constant ‘‘a’’ in Sachs’s steel 
was 124 psi., as compared with 110 for the A and E 
steels. Of this material, Sachs tested a specimen, among 
others, which was. close in geometry to the standard 
specimen of Bruckner and Newmark. By integrating 
his curve of stress on strain (from reduction in area at 
the root of the notch), I find the average unit energy 
value in the notch of Sachs’s specimen to be 54,000 in.- 
Ib. per cubic inch. The corresponding figure for the un- 
notched bar of the same sectional area is 77,500. Ina 
steel in which the curve lay at 110/124 of the stress 
values, these figures would come to 48,000 and 69,000, 
and these are the values which will presently be 
used. 

The main purpose of the work of Bruckner and New 
mark was to justify use of the proposed specimen for 
finding the temperature of the ductile-brittle transition, 
and the method of doing this was by using the specimen 
for finding this transition value in a variety of cases for 
which a corresponding value was accepted for the 72-inch 
plates. Table 11 of the paper shows the extent to which 
this was accomplished. Even if the results of Table 11 
had given better evidence of correlation of this wholly 
empirical sort, it still would not be certain that further 
application of this method might not yet bring forth a 
new surprise like the failure of the Charpy test on A and 
C steels. This uncertainty would diminish only gradu 
ally if, and as, good correlations were obtained between 
the new specimen and large flat plates of more and more 
different samples of steel; unless, that is, some a priori 
expectation of such correlations can be established. 

What are the prospects of @ priori justification of a 
specimen like this? Is it possible to analyze the action 
of the specimen so as to obtain from it a measure of the 
ductility of a sample of steel which we may be sure will 
agree with the value obtained from a notched flat plate 
specimen ? 

In exploring this possibility we note first that although 
a variety of results were obtained with the round bar as 
the parameters were varied (area of net section, depth 
of notch, acuity of notch, striking speed of hammer), yet 
for the most part these variations were not great enough 
nor the tests numerous enough to distinguish systematic 
differences from those due to scatter. Exceptions to 
this occur, as in the case of the high values found in the 
larger sections, as shown in Table 4. But if the fact of 
scatter be fully accepted, positive effects of varying the 
parameters in these tests are hard to identify. This com- 
ment applies in the first instance to the energy values in 
the fully ductile mode, but uncertainty in energy values 
is also reflected in some degree in the transition tem- 
peratures. 

The most numerous tests were made on the E steel, 
and I have chosen it for detailed attention. The fully 
ductile energy seldom departs widely from 430 ft.-Ib., or 
5160 in.-Ib. per square inch of net section. If a value of 
69,000 in.-Ib. per cubic inch be drawn from Sachs’s data, 
the average axial length sharing in the plastic flow in the 
notched specimen may be estimated at 5160/69,000 or 
0.075 in., roughly equal te the axial length of the notch. 
This comparison ignores the difference between static and 
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impact loading, which may be less serious for this pur- 
pose than in finding the transition temperature. 

If it be said that it also ignores the effect of geometry 
on ductility, I prefer to restate this by saying rather that 
the comparison rests on a very simple and perhaps crude 
hypothesis about the nature of that effect, as follows: 
that energy absorption in any form of specimen in the 
fully ductile temperature range may be estimated by 
applying to the volume of metal judged to share in the 
flow a value of the energy absorption per unit volume in 
an unnotched tensile bar. 

Application of this hypothesis depends on correct gag- 
ing of the effects of localization and triaxiality. As for 
localization, it is a matter of familiarity with patterns 
of strain distribution. But around the word “‘triaxial- 
ity’”’ hangs a curtain of mystery which should be drawn 
aside. The authors seem in the paper under review not 
to have used this word but the difficulty is a real one 
and not to be evaded. 

As hypothesis, again, and certainly not yet as proved, 
perhaps only as approximately true and subject to ex- 
ceptions, I make the following further assertion: 

... that at temperatures above the brittle transition, 

ductility (local unit energy absorbed before fracture) 

found by integrating the octahedral stress strain curve 
is not affected by triaxiality. 
The use of octahedral values is all that is needed to ac- 
count for the effects of triaxiality. 

An apparent contradiction of this hypothesis is found 
in Sachs’s paper, of which Fig. 10 shows ductility to fall 
off sharply as notch sharpness increases, and moderately 
with increase of notch diameter. In the present paper 
the limited data on this point show no effect of sharpness 
alone on ductility but high ductility values in specimen 
types C and D in which both sharpness and diameter 
were higher than in the standard. So far as they go, 
these results are contrary to those ef Sachs, but they are 
not very conclusive, and we may accept the widely held 
idea that increasing notch sharpness reduces rather than 
increases ductility. 

It does so, however, by affecting the localization and 
the triaxiality. To prove the hypothesis wrong we 
would have to show that as notch sharpness changed, the 
area of the octahedral stress-strain curve to the fracture 
point failed to keep pace with the observed energy ab- 
sorption. According to the hypothesis, the fracture be- 
gins at the same point on the octahedral stress-strain 
curve regardless of how much the values of the average 
axial components of stress and of strain in the minimum 
section at fracture may be reduced by increasing notch 
sharpness. 

Returning to the data of Bruckner and Newmark, we 
will suppose, first, that the effects of impact are small, so 
that inferences from static tests are applicable. Fracture 
begins on the axis, and the cavity thus opened expands 
outward until, as it reaches the surface of the metal, the 
parting is complete. At the start of the fracture, slip 
has occurred mainly on the surface of a double cone whose 
vertex is at the point of intersection of the axis with the 
plane of the minimum section. The included angle of 
this cone is taken to be 2 x 45° although it actually is a 
little smaller. The proportions of the specimen are such 
that the cone does not intersect the bounding surface of 
the metal except beyond the limits of the notch, where 
the intensity of octahedral stress and strain has faded to 
a value so low that the energy absorption there may be 
neglected. 

Within the notch, between its parallel transverse 
boundary planes, we will suppose that the metal is 
strained to near its breaking point over the whole surface 
of the cone. As the cavity expands outward, the strain 
in the metal within the cone, near the axis, ceases to grow, 
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but between the two branches of the cone the advancing 
crack carries with it a conical slip surface on which the 
strain continues to approach the breaking point. This 
surface sweeps through the entire volume of metal lying 
outward and between the branches of the central cone, 
and the metal there is worked right up toward its limit. 

On the basis of this picture of what happens, the total 
energy value given by the impact machine could be di- 
vided by the volume of metal in the restricted region of 
the notch to get a nominal value of the unit energy ab- 
sorption comparable with that found in the tensile test 
of an unnotched bar. 

When the energy values of Bruckner and Newmark 
are reduced in this way they give a close check. Tak- 
ing, for example, the representative number of 5160 in.- 
Ib. per square inch and dividing by the length of the 
notch, 0.078 in. in the Type B specimen, gives 66,000 in.- 
Ib. per cubic inch, as compared with 69,000 average in the 
minimum section of the unnotched bar. 

It is noted that in the data themselves evidence is 
found to support the criticism that the impact values in- 
clude items of energy wholly extraneous to the flow of the 
metal near the fracture, such as that lost by elastic waves 
set up by the blow, as well as items nearer home like de- 
formation in the screw threads on the specimen. Fig- 
ures 6 to 10 suggest that such losses may amount to as 
much as 100 ft.-lb. Deduction of such a correction would 
bring the observed energy value into nominal agreement 
with the value of 48,000 in.-Ib. per inch drawn from the 
static tests of Sachs for specimens of the same geometry. 

All of the energy values so far cited have been found by 
direct observation, either by measurement of the loss of 
energy in the pendulum of the impact machine, or by in. 
tegration of a curve of stress on strain. For comparison 
with these we will now take out some local values found 
by applying octahedral theory to the axial strain based 
on reduction in area. The unit energy is 


u = 0.964 (1 — m + m?*)** 


where a is the coefficient in the stress-strain curve ¢ = 
a «* andm = — “/,, is the ratio of the intermediate 
to the maximum strain value. Since 


+ + €3 = 0, 
1 
Taking a = 110 and m = '/, the energy value is 


u = SS «°/* inch-kips/cu. in. 

This formula has been applied to the data in Fig. 10 by 
converting reduction in area to axial strain and assuming 
that the same value holds throughout the volume of 
metal in way of the notch. The energy thus calculated 
falls well below the observed values. It is inferred that 
the energy is mostly absorbed in way of the notch, but 
that irregular additional amounts of energy leak out 
elsewhere. 

The tests, of course, were designed, not to measure 
specific ductility, but only to find the temperature limit 
below which a large reduction in ductility occurs. It is 
possible that even a large dilution of the energy absorbed 
in the notch might still leave a differential large enough 
to indicate this temperature effect. However data sub- 
ject to this difficulty would not be suitable for indicat- 
ing the form of the transition curve and would not help 
settle the controversy as to where on the curve the thresh- 
old of brittleness should be considered to lie. They 
would lack the a priori support needed for complete 
justification of the method. The presence of such ex- 
traneous energy would explain the low correlation in 
these tests between energy values and appearance of 
fracture. 


Finally, some comment will be made on steels A and 
C. Their energy values in the fully ductile condition are 
about the same as in ‘the other steels, and do not vary 
much with pendulum speed. Those for C steel are a 
little less than for A steel whereas in the plate tests it was 
the other way round. However, neither difference is 
critical. 

The transition appears clearly in Figs. 14 and 15, and is 
about the same whether judged by impact energy or re- 
duction in area. When the data in Tables 7 and 8 on 
per cent shear fracture are plotted, the transition seems 
to be higher in all cases, with discrimination between 
the steels even at the higher striking speed. By 
the criterion of appearance of fracture a shift toward 
lower transition seems to go with lower-striking speeds 
in both steels, whereas by the other criteria the shift 
occurs in A but not in C steel; discrimination then 
depends on the presence of the shift in A and 
its absence in C. The amount of the difference between 
the steels is small at most, said in Table 11 to vary from 
5 to 30°. But the curves as drawn show large varia- 
tions in form and it cannot be said that the precision with 
which these transitions have been located justifies more 
than qualitative conclusions. 

The transition temperatures cited in Table 11 will 
naturally be compared with those found by other methods 
of test; without now going into such a comparison, we 
may be sure that it will not resolve the existing confusion 
and uncertainty until the analysis of all the data has been 
carried much further. It is my own feeling that these 
troubles will not be cured until we can place the measure 
ment of specific ductility on a rational basis. 

The fact that the prediction of energy absorption in 
the notch on the basis of data from an unnotched speci 
men succeeds at all suggests that all that is needed is a 
method of correcting for extraneous energy. If by such 
an expedient the notched round tensile bar, even under 
impact load, might be assigned a conversion factor by 
which its ductility values could be reduced to terms of 
the notched tensile plate, a great step forward would be 
taken. Cold as a cause of brittleness would then be di 
vorced from its troublesome companion triaxiality, to the 
benefit of clear thought about both of them. 

It is fairly clear how triaxiality can reduce ductility 
above the transition temperature, and the hypothesis | 
have proposed puts the burden of explaining this on octa- 
hedral theory. But this hypothesis says nothing as to 
why triaxiality raises the transition temperature. 

It has been suggested that fracture strain may change 
with triaxiality. The whole concept of “hypothetical 
fracture stress’’ was discussed at length by Lubahn a year 
ago at the Chicago seminar, as in the A.S.M. volume on 
Fracturing of Metals. That discussion leaves me with 
the feeling that a sample of metal at a temperature below 
the threshold of brittleness is simply a different sampk 
from one of the same metal above the threshold. 

It comes to this, that we have a better chance to de 
scribe the behavior of a sample of metal consistently if we 
can get past the purely relative comparisons and deal in 
terms of ductility as a measurable property. 


Discussion by George Irwin* and J. A. Kies? 


The Riehle machine of Fig. 1 appears to have the speci- 
men protruding from the pendulum head at right angles 
to the pendulum arm and in a line intersecting the center 
of the striking edge used in Charpy impacts. This geom- 
etry can produce an appreciable deviation from axiality 
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of the load applied to the specimen. At the instant of 
impact the leading and trailing ends are moving down- 
ward at different rates as well as forward. The vertical 
plane contact of the anvil and cross bar tend to keep the 
trailing end of the specimen horizontal while the leading 
end is moving down as well as forward. Bending occurs 
at both ends of the test section but in opposite sense. An 
unnotched ductile specimen exhibits this double bending 
quite markedly under such conditions. Bending is less 
in an arrangement such as that of Clark and Duwez (Jnl. 
App. Mech., Sept. 1948, p. 243) in which the specimen 
axis is tangent to the circle of motion at the leading end 
of the specimen. It is difficult to obtain high accuracy 
of axiality in a tensile impact test of a ductile metal in a 
pendulum type machine, but for practical interpreta- 
tions of the results such deviations may be unimportant. 
The authors’ final conclusion is to be strongly com- 
mended. 

The reduction of area shown in Fig. 10 gives the same 
qualitative picture as when the percentage brittle or gran- 
ular fracture is plotted against impact energy. Every 
curve showing energy vs. reduction of area or percentage 
granular fracture should intercept the energy axis at some 
positive value greater than the surface energy of the 
fracture i. e. the energy for completely brittle fracture. 
It is of considerable interest to know how small this in- 
tercept really is in fast and brittle type fractures. It 
would be interesting to see whether the curves shown in 
Fig. 10 are statistically more significant than similar 
curves showing percentage granular fracture. In any 
case a sound procedure would be to do enough tests to 
obtain two results for comparison which hae equal statis- 
tical significance. 

By applying the ‘‘t’’ test as described in Rider's 
‘Modern Statistical Methods”’ it can be shown that there 
is only a 1% chance that the energy intercept for speci- 
men Type F would deviate by 22.4 ft.-lb. or more in a 
repeat experiment and there is a 10% chance of a devia- 
tion of 13.8 ft.-Ib. Such reliability is very good for an 
experiment of this kind. 

On examining the data for specimens of Type H, one 
can show that there is a 1° chance of a y intercept devia- 
tion of 44.5 ft.-Ib. or more in a repeat experiment and a 
10°% chance of a deviation of 27.5 ft.-Ib. or more. Thus 
the dependability of the y intercept for a regression curve 
(least squares) for Specimen H is relatively poor and 
many more tests for Specimen H than for Specimen F are 
required in order to place equal confidence in the location 
of the curve. The chance that the y intercept for types 
F and H are the same is negligible. 

It seems likely that if significance tests were applied to 
impact energy vs. percentage granularity and impact 
energy vs. reduction of area that the latter might be 
found to be a more reproducible relation. 

For the purpose of evaluating the serviceability of 
steels for shock loading and notched conditions it would 
be just as desirable to know the scatter in performance 
as the average values. If the Charpy test shows more 
scatter than the tensile impact test, then the Charpy test 
has an advantage provided that the scatter is not due to 
uncontrolled variables in the test itself. In view of 
the difficulty often encountered in establishing a good 
numerical correlation between serviceability, or service 
failures, and Charpy impact results (those of Williams 
and Ellinger excepted) the burden of proof is still on the 
Charpy test, and we feel justified in searching for a sim- 
pler and more reproducible test such as the type sought 
by Bruckner and Newmark. In view of the nature of all 
such tests it seems desirable to include statistical analyses 
of the data, especially in comparing the utility of two 
types of test such as Charpy and tensile impact. 

With reference to the general applicability of the 
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authors’ tensile impact technique for judging the transi- 
tion temperatures of large centrally notched plates under 
slow speed tensile loading, we would like to know to what 
extent the effect of strain aging in the large plates during 
the test must be considered. The data of Gensamer and 
others (Progress Report on. ‘Correlation of Laboratory 
Tests with Full Scale Ship Plate Fracture Tests, ’’ NRC, 
Mar. 19 1947) showed that an approximate correlation of 
Charpy impact test transition temperatures with the 
same large plate results referred to by the authors was 
obtained when the materials were strained 10% and aged 
prior to making the Charpy specimens. 


Discussion by E. P. Klier* 


Recent work which we have completedf has indicated 
that for the project steels in certain tests satisfactory 
correlation does not exist for transition temperatures 
determined from energy absorption and from fracture 
appearance. Differences between data for fracture ap- 
pearance and several other criteria of transitional be- 
havior have been discussed by Stout and McGeady.f 
The data which the authors have presented among their 
other interesting features are pertinent to a discussion of 
transitional behavior. 

The data for fracture appearance from Tables 6, 7, 8 
and 16 were plotted and transition temperatures were 
determined at 50% fibrous fracture. These transition 
temperatures are plotted in Fig. 1 for comparison with 
the author’s Fig. 20. 

It is evident, first of all, that the steels are no longer 
evaluated in the same order as for energy absorption. 
By fracture appearance the steels in order of decreasing 
transition temperatures are C, E, Aand D,. The curves 
for steels A and C are separated by about 40° F. with 
Steel A having the lower transition temperacure. 

The author’s initial energy effect—this is probably a 
velocity effect—is observed for all steels, and in this con- 
nection a seemingly important effect is observed. The 
transition temperatures for fracture appearance lie from 
20 to 40° F. above the respective transition temperatures 
by energy absorption for an impacting hammer energy of 
220 ft.-Ib. As the impacting hammer energy is decreased 
the transition temperature by fracture appearance drops 
at seemingly a greater rate than it does by energy absorp-: 
tion. Because of this the transition temperatures for 
steels A and E by fracture appearance and energy absorp- 


* Pennsylvania State College, State College, Pa 

+ Klier, E. P., Wagner, F. C., and Gensamer, M., ‘Fracture Characteristics of 
Ship Plate in Certain Small-Scale Tests,’ Preprint Annual Meeting Papers, 
45-61, also in this issue, p. 50-s 

t Stout, R. D., and McGeady, L “The Meaning and Measurement of 
Transition Temperature,"’ THE WELDING JOURNAL, RESEARCH SUPPLEMENT, 
XIII (6), 299-s to 302-s (1948) 
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tion are equal for impacting hammer energies of 45 and 
33.8 ft.-Ib., respectively. Similar results are indicated for 
the remaining steels. 

It is interesting that the transition temperature by 
energy absorption for Steel A increases and becomes 
equal to those for steels C and E at high impacting ener- 
gies. 


Discussion by I. R. Kramer 


Upon examination of the data presented in Fig. 20, 
it is believed that the effect shown is due to the change 
in velocity of impact rather than that due to the change 
in the initial impact energy. Since only the height of 
the pendulum was changed, it might be of interest to 
redetermine the curves of Fig. 20 by changing the veloe- 
ity of impact and mass cf the pendulum in a manrer 
such that the kinetic energy remains constant. 

If the effect is that of strain rate, then a metallurgical 
interpretation of the behavior of the steels may be pos- 
sible. It is known that the impact transition tempera- 
ture increases as the impact velocity increases. This 
effect would predict curves with a positive slope similar 
to those of steels A, Dn and Dr of Fig. 20. However, it 
is possible that plastic strains produced during the 
testing can cause precipitation to occur. The amountof 
precipitant will depend upon the time the plastic strains 
are allowed to act and the magnitude of plastic strains. 
For specimens subjected to slow strain rates both of 
these factors are large and more precipitation is likely 
to occur than in specimens strained at high rates. Since 
the brittleness will increase with the amount of precipi- 
tant, the transition temperature will also be raised. It 
would be possible for curves similar to those of Fig. 20 
to have a negative slope if the effect of precipitation is 
sufficiently great. 

It is of interest to note that curves of the more brittle 
steels have the lowest slope. For example, steels E and 
C have a zero slope while that of steel A is lower than 
that of steel Dn and Dr. Since precipitation is a factor 
which may influence the behavior of these steels, it may 
be that the slope of curves is significant as an index of 
brittleness. 


; R. Kramer is connected with the Office of Naval Research, Washington, 
» Cc 


Discussion by A. B. Bagsar* 


This interesting paper has brought out several im- 
portant items which deserve further consideration. 

The first item to be recognized is the fact that the 
energy of fracturing of a given metal evaluated by small 
test coupons, such as those used in impact tension and 
standard impact tests, is mainly determined by the be- 
havior of the metal at the surface, where the stresses are 
essentially biaxial. Due to the smallness of the cross- 
sectional area involved and the nonrigidity inherent in 
these test coupons, the energy of fracturing of the sur- 
face constitutes the predominating percentage of the 
total energy required to fracture the entire section. 
Therefore, these measurements do not necessarily repre- 
sent the true behavior of the metal immediately below 
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the notch or in rigid sections, where the stresses could be 
of triaxial type. It is essential to know the behavior of a 
metal under multiaxial stress conditions in order to 
evaluate its behavior under service conditions, even if 
this evaluation is only approximate. 

Test data seem to indicate that a rectangular beam or 
section of dimensions considerably larger than those of 
impact coupons, preferably containing a sharp notch, 
say with a radius of the order of 0.0015 in., yields results 
which appear to be more nearly representative of the be 
havior of steel under service conditions.' The breaking 
and yielding loads of the large test coupons of the latter 
type conform to the conventional concepts of mechanics 
of materials, and these loads could be directly utilized by 
the designer as indexes of quality of the steel. Figure | 
shows the details of such a test coupon, which has been 
used by the writer and designated D-type ‘‘cleavage 
tear’ test coupon. The rate of loading to fracture is 
about 2 in. per minute of cross-head separation of the 
tensile-testing machine. Transition temperatures and 
other characteristics of steels are determined by simply 
measuring the breaking and yield loads. In Fig. 2 are 
shown transition curves of several steels, established by 
the use of this test coupon. These steels cover the 
thickness range of '/, to 2'/,in., the chemical and physica! 
properties of which are given in Table 1. For compari 
son, the transition curves of the same steels determined 
by the standard Charpy impact test using the keyhole 
coupon are also included in this figure. it is to be ob 
s¢rved that these steels are classified in the same genera! 
order by the two testing methods; with respect to their 
transition characteristics. Figures 3 and 4 show frac 
tured test coupons of 1- and 2'/,-in. thick steel plates, 
respectively, below and above the transition tempera 
tures. The top views in Figs. 3 and 4 are typical of the 
cleavage or brittle, and the bottom views typical of the 
shear or ductile fractures. 

The second item to be noted is that the authors have 
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“p" = full plate thickness. 
“R"= notch root radius = 0.0015", or as specified. 
Fig. 1—Cleavage-Tear Test Coupon, D-Type. Tensile Load Is 
Applied Through Pins Inserted in the Loading Holes. Due to 
Eccentric Loading, the Section Is Broken by a Combination 
of Axial Tension and Bending Stresses 
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Fig. 2—Transition Curves of '/,- to 2'/,-In. Thick Steel Plates, 
Determined by the Standard Charpy and Cleavage-Tear Tests 
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not used the ‘fracture appearance’ as a basis for es 
tablishing transition characteristics. Not using fracture 
appearance as the determinant of transition characteris 
tics is a desirable departure from the practice advocated 
by several investigators, with which departure the writer 
agrees. It is the writer's experience that even with the 
use of large test coupons of the type described, the tem 
perature necessary to effect a marked change in fracture 
appearance may, in some combinations of section thick 
ness or notch geometry, be considerably higher than the 
transition temperature indicated by breaking or yield 


Fig. 3--Top View Shows Cleavage and Bottom View Shear 
Fractures Obtained in Steel 18, 1 In. Thick, Below and Above 
the Transition Temperature Range, Respectively 
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Table 1—Chemical and Physical Properties of Steels Tested 


Steel 18 Steel 19 Steel 20 Steel 22 Steel 23 
Plate thickness, in l l 
Chemical composi 
tion, 
Carbon 
Manganese 
Phosphorus 
Sulphur 
Silicon 
Tensile properties 
fractures trans 
verse to rolling 
Tensile strength, 


20 
63 
020 
O33 
O7 


61,300 
31,400 


65,700 
36,500 


60,500 
37,000 


psi 63,500 
Yield point, psi 33,500 
Elongation in 8& 
in., % 34.4 
Grain size, normality 
and inclusion 
contents 
Actual grain size 5-7 
Austenitic grain 
size 


5-6 8-9 


3-4 6 
McQuaid-Ehn Normal Normal 
normality Aheavy Aheavy Dheavy 
Inclusion 1 and land 5and andA andD 
content and type D thin D Cthin heavy heavy 
heavy 2 4 2 2 


5-6 
Normal 
D thin 4 


5-6 


Normal 


6-7 
Normal 
C thin 2 


3 


loads. An example of this was found in a 2'/,-in. thick 
silicon-killed steel plate, designated Steel 20, whose 
transition temperature indicated by the P/A vs. T 
curve shown in Fig. 2 is 120° F. Yet in order to obtain 
in this steel the typically ductile or shear type of fracture 
shown in the bottom view of Fig. 4, it was necessary to 
raise the temperature to about 200° F. Similar dis- 
crepancies were also found in '/.- and 1-in. thick plates 
with the use of notches of root radii larger than about 


0.0075 in. The appearance of fractures is therefore 


misleading unless its evaluation is made more precise 


than is obtainable by visual or macro examinations. 


Fig. 4—Top View Shows Cleavage and Bottom View Shear 
Fractures Obtained in Steel 20, 2'/; In. Thick, Below and 
Above the Transition Range, Respectively 
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The third item is related to Fig. 20 of the paper. It is 
apparent from the curves presented in this figure that the 
transition temperatures of steels E and C are independent 
of the initial energy or striking velocity, and that pre- 
sumably the latter temperatures of these steels could be 
determined equally as well by static tests, with the use of 
the same notch geometry. The curves for steels A, D, and 
D,, also given in this figure, show that with the use of the 
same notch root radius and notch angularity the transi- 
tion temperatures of these steels are increased as the 
striking energy or velocity of impact is increased. This 
observation simply indicates that the latter steels are 
more ‘ductile’ than steels E and C. Experimental 
data’: * indicate that as the notch root radius is decreased 
a limiting dimension is reached beyond which the velocity 
of load application has no effect on transition tempera- 
tures. Accordingly, had the notch radius used been 
somewhat smaller, the transition temperature vs. initial 
energy curves obtained for the latter three steels would 
likewise be parallel to the horizontal axis, as in the 
case for steels E and C. 

The fourth item that needs emphasis is the fact that 
determination of transition temperatures alone is in- 
sufficient to evaluate the quality or suitability of a metal 
for a given service. In the first place, the transition tem- 
perature of a given steel is not a fixed temperature, but 
can be increased by decreasing the notch root radius, or 
decreased by increasing the notch root radius, with 
other conditions being the same.' This is illustrated by 
Fig. 5, in which the logarithms of the transition tempera- 
tures (° F. absolute) of steels 18, 22 and 23 are plotted 
against the logarithms of the root radius of the notch. 
The limiting dimension fot the notch root rad,us is ob- 
viously the dimension of the root radius of a cleavage 
crack.* The data for construction of Fig. 5 were ob- 
tained by the use of the test coupon shown in Fig. 1, 
which data are summarized in Table 2. 

Another limitation of the direct use of transition 
temperature as an index of quality or performance con 
sists in the fact that a steel which shows a lower transi- 
tion temperature by a certain test may not necessarily 
be more suitable for a given service than another steel 
which shows a somewhat higher transition temperature 
determined by the same testing method. As the re 
straint to lateral flow is increased, say by decreasing the 
notch root radius and/or by decreasing the temperature, 
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Table 2—Transition Temperatures of Steels 18, 22 and 23 
for Various Notch Root Radii 


Steel Steel 22——~ ——Steel 23 
Transi- Transi- Transi 
tion tion tion 
tion tion tion 
Notch root Temp., Temp., 7,, Temp., T,, 
3x 200t 195t 205T 170t 150t 
0.0008 125 120 105 120 
0.0015 105 100 92 107 110 90 
0.0075 58 73 90 70 
0.017 . 45 60 SU 60 
0.039 45 40 35 
Charpy transi- 
tion tempera- 
ture, ° F. - 5 —15 20 


* T, = difference in transition temperatures determined by the 
Charpy and cleavage-tear tests 

¢ Extrapolated transition temperatures corresponding to cleav- 
age crack as the notch. 


a limiting temperature 7>, is ultimately reached, at which 
temperature the fracturing and yielding loads coincide 
with each other. It is well established that the yield 
point of steel increases with decrease of temperature, 
the degree of this increase being greatly accentuated in 
the presence of a sharp notch. This is substantiated by 
the curves shown in Fig. 6, in which the unit breaking 
and unit yielding loads of the three steels referred to 
above are plotted as a function of temperature’ The 
test data from which Fig. 6 was constructed are given in 
Table 3, these test data being likewise obtained by the 
use of the coupon shown in Fig. 1. It is to be noted 
that at or below the 7, temperature no appreciable 
yielding occurs in these steels during fracturing; they 
behave almost like ordinary gray cast iron. However, 
it is also to be noted that between the transition tempera 
ture, 7., and the temperature 7, some yielding or duc- 
tility is possible which, although small in magnitude, 
may in some cases reduce stress peaks sufficiently to 
prevent failure by cleavage. The evaluation of these 
characteristics together with the determination of the 
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TESTING TEMPERATURE, T, IN °F 
Fig. 6—Unit Breaking Loads P/A and Unit Yielding Loads Y /A, 
of Steels 18, 22 and 23, as a Function of the Testing Tempera- 
ture. At Temperature T,, the P/A and Y/A Values Coincide 
with Each Other 


UNIT YIELDING LOAD, X, AND UNIT BREAKING LOAD, f, IN 1000 PSI. 
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Table 3—Determination of Transition 


D-Type Coupon, 45° Notch of */,. in. Depth and 0.0015 in. Root Radius 


Unit Breaking Loads, P/A, Psi 


Steel 18 Steel 22 
—40 12,000 
—10 
20 13,300 
32 12,000-12,100 2,700-13,000 
60 13,000 
70 11,800-12,300 12,800-13,100 
80 12,600 
90 11,800—13,300 3,200 
95 13,500 
100 12,300-16,560 15,000-15,300 
105 12,500-14,300 
110 ? 15,000 
115 15,500-16,700 
120 15,600 
130 16,400 
140 
186 17,100 15,300 


Steel 22, 92 


* Transition temperatures: Steel 18, 105 


for correctly evaluating the quality or serviceability, of a 
steel. 

The writer believes that for routine work the simple 
beam test coupon, designated DX-type and shown in 
Fig..7, could be effectively utilized for evaluating the 
behavior of steels produced under different conditions of 
furnacing, deoxidation, rolling, etc. It is an extremely 
simple test coupon, by means of which it may be possikle 
to determine which particular combination of manu 
facturing variables produces commercial steels possessing 
the requisite properties. It is the writer’s understanding 
that the use of this type of test was inaugurated in a steel 
mill in Europe about six months ago, for testing ship 
plate steels, with encouraging results. The regular im 
pact and the tensile-impact tests could also be used as 
augmentary tests, if desired, even if the impact tests are 
of qualitative value. It has been indicated that a cor 
relation can be established between impact and cleavage 
tear and other tests if requisite data are available.':* 

The authors are to be congratulated for the novel ap 
proach they have used in this investigation, and for 
stimulating discussion on this subject. 
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Authors’ Closure 


The contributions made by the discussors of the paper 
are appreciated. The range of their comments indicates 
the possibilities of the axial impact test in developing 
fundamental information regarding the properties of 
materials. This test is apparently not so completely 
phenomenological in character as the flexural or eccen 
tric impact and static tests. 

Mr. Kramer's interesting discussion implies that the 
differences in strain rate may be accompanied by dif 
ferences in amount of precipitation, resulting in different 
degrees of embrittlement as the test progresses. This 
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Temperatures* by Cleavage-Tear Tests 


Unit Yield Loads, Y/A, Psi 


Steel 23 Steel 18 Steel 22 Steel 23 
11,600 12,000 11,600 
12,400 10,700 
13,300 
12,300- 13,300 12,150 9000-9400 
12,100 7600 
12,600 9300 7800 
12,600-12,700 
10,000 
12,700- 14,200 13,300 8000 
13,500-17,200 9800 13,200 7000 
16,000-17,600 9500 13,300 
16,000-17,600 
12,700 


16,700 


COUPON | 
z 
3" 
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| 
34 34 —+ | 
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9" 


“p" = full plate thickness. 
"R"= notch root radius = 0.0015", or as specified. 

Fig. 7—Simple Beam Test Coupon, DX-Type, Supported Near 
the Two Ends and Broken by a Single Concentrated Load 
Slowly Applied at Center 


effect is superimposed on the general tendency of the 
transition temperature to decrease as the velocity of im- 
pact is lowered. The comment appears reasonable, and 
suggests further studies to check on its validity. How- 
ever, the change in impact velocity for the different 
energy levels is relatively small. For 220, 110 and 45 
ft.-lb. initial energy of the pendulum, the striking veloci- 
ties are approximately 18, 13 and 8 ft. per second, re- 
spectively. None of the changes in transition appear to 
be consistent with the usual effects of velocity. How- 
ever, the actual strain rates at the notch were not meas- 
ured, and possibly a variation in these rates did occur 
with the different materials and the different initial 
energies. 

The discussion by Mr. Klier calls attention to the lack 
of correlation between transition temperatures as deter- 
mined from fracture appearance and from energy absorp- 
tion or elongation. The same comment has been made 
by Dr. Bagsar. We agree with him that the energy 
absorption characteristics of a material are of more im- 
portance than the appearance of the fractured surface. 
rhe latter criterion, however, apparently gives curves of 
similar shape for all the steels. Mr. Klier does not plot 
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the curve for steel Dr; our results indicate a transition 
about 40° greater than for Dn on the basis of appearance, 


. but both conditions of steel D showed almost the same 


transition by energy absorption and in the 72-in. wide 
plate tests. 

Dr. Bagsar’s objection to the small specimen used in 
our tests is that it does not constitute a gage to behavior 
of the same steel in thicker sections. He states specifi- 
cally that a triaxial stress system is possible in thick sec- 
tions but not in the small specimen represented in our 
tests. Actually, however, the low order of reduction 
of area for our specimens tested at low temperatures is 
entirely consistent with the brittle failures of Dr. Bag- 
sar’s test specimens or the wide plates at low tempera- 
tures. Our specimens apparently can be made to break 
with as completely brittle behavior as any other types of 
specimen. Confirmation of the development of triaxial 
stress is possible in the observation of several partial 
fractures obtained in our tests, in which cleavage frac- 
ture was seen to start in the center of the volume of 
metal in the notch. 

We had two objectives in our tensile impact program: 
first, correlation with the wide plate tests; and second, 
the development of fundamental information leading to 
the assignment of reasons why certain steels are more 
susceptible to brittle failure than others. It is our 
opinion that Dr. Bagsar’s test, along with others which 
have been developed, such as the Kahn tear test, may 
meet the first objective of correlation but the second 
objective is not easily possible with a specimen subjected 
to eccentric loading or in which compressive stress exists 
due to bending. We have only to look at the results of 
the Schnadt modification of the Charpy test specimen 
(to produce essentially tensile stress) to see how the de- 
formation in compression completely changes the mode 
of failure and the indication of a transition temperature. 

We are interested in Mr. Kies’ comment that the 
intercept of the absorbed energy-reduction in area 
curves for zero ductility should have a positive value 
greater than the surface energy of the fracture. This 
intercept value (for entirely brittle fracture) can only be 
obtained by extrapolation. The value of the intercept, 
for our tests, appears to be highest for steels with low 
transition temperatures. There also appears to be no 
consistent trend in the relation of the intercept to initial 
energy level since the intercept values for tests at 110 ft.- 
Ib. initial energy are a minimum for the series of tests 
made, as shown below. 

We note Mr. Kies’ opinion that significance tests ap- 
plied to per cent granularity of fracture and to reduction 
of area data would show a higher reproducibility of the 


Intercept of Absorbed Curves at 0% 
Ductility; Values Given in Ft.-Lb. per Square Inch 


Intercept at Initial Energy of 


Steel 220 ft-lb. 110 ft-lb. 45 ft-lb. 33.8 ft.-lb 
E 60 30 70 126 
¢ 90 35 75 

A 60 40 100 

Dr 100 87 111 

Dn 105 75 95 


latter measurement. In our tests this would be true 
because it is easier to measure the latter quantity pre- 
cisely. 

In answer to Mr. Irwin's comments regarding strain- 
aging, reference should be made to Table |2 of our paper 
reproduced in part from another publication of which Mr. 
Gensamer was co-author. The wide spread in the 
transition temperatures of the Charpy V- and keyhole- 
notch specimens is in evidence. It is also evident that 
the transition temperatures of the V-notch tests are 
higher than the transitions for the wide plates, while the 
transitions for the keyhole tests are considerably lower. 
Strain-aging was used by Gensamer, ef. a/., purely as an 
artificial means of raising the transition temperatures of 
the keyhole type specimens in order to correspond 
moré closely to the transition of the wide plates. Pre- 
straining would also have an effect on the transition 
temperature determined from the tensile impact tests. 
We have included tests of prestrained and aged speci- 
mens in our research program but have no data to pre- 
sent at this time. 

The discussion by Capt. W. P. Roop poses a number of 
questions and suggestions which the authors have noted. 
With respect to the Charpy impact test, Captain Roop 
says the data suggest that the Charpy test may be made 
more discriminating if the rate of loading is reduced. 
The authors also came to this conclusion; however, some 
pilot tests were made subsequent to the preparation of 
this paper. The tests were made on a few (eight 
Charpy V-notch specimens of one steel at an initial 
energy level of 110 ft.-Ib. and the results were compared 
with more extensive prior data for the same steel at an 
initial energy of 220 ft.-lb. Although the tests are too 
few to be conclusive, the indications were that the transi 
tion temperature was not significantly lower for the 110 
ft.-lb. than for the 220 ft.-lb. initial energy level. 

The comments made in the discussion of the paper 
have been helpful in planning the further progress of this 
work. To those who have contributed criticism and 
suggestions the authors express their thanks. 


(Continued from page 49-s) 

year emphasizes the importance of the work in which 
the Ship Structure Committee is engaged. The prob- 
lem of why welded ships fail has not been solved. 
Many of the unknowns, which plagued the attempts at 
solution which were begun at the time of the casualty to 
the Tanker Schenectady, have been evaluated, but 
there is, today, still no complete answer to the question. 

Successful ships have been built in the past and are 
being built today, but the design of such ships at the 
present time still involves some “factors of ignorance.” 
One of the principal objectives of the Ship Structure 


SS-s Bruckner, Newmark 


Introductory Remarks by Admiral Reed-Hill 
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Committee is the substitution, for these “factors of 
ignorance,”’ of a complete knowledge of the forces which 
a ship must resist and of the ability of the materials as 
fabricated to resist these forces. 

It is hoped that the successful accomplishment of the 
work of the Ship Structure Committee will make pos- 
sible the construction and operation of stronger and 
safer ships with decreased production costs. 

The Ship Structure Committee is deeply appreciative 
of the efforts of the Amertcan WeLpinG Soctery in 
establishing this entire day’s program for «a Symposium 
on Ship Structure Research. 
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BACK 70 WORK... 
STILL WARM! 


TOBIN BRONZE FILLET WELDS 


Ingenious Tobin Bronze Repair Weld cuts 10 day layoff 
to 7 hours downtime in Saskatchewan sawmill 


RACTURE of a vital part in the Reserve, Sas- 

katchewan, mill of the Pas Lumber Company 
threatened a ten day shut-down in the height of 
last winter’s logging season. 

The 30” cast iron friction disc of the mecha- 
nism controlling the travel of the log carriage, 
cracked completely around its hub. The nearest 
spare disc was in Quebec, half a continent away. 

Ernest J. Morris, welding and diesel engineer 
for the company, and a veteran of many crises in 
the wilderness, fitted the disc back on the hub, 
using the jagged edges of the break to locate the 
disc and give it accurate alignment. Since it must 
run true within a few thousandths of an inch and 
there was no lathe at hand large enough to reface 
the disc, the break was left untouched without vee- 
ing and the repair made with fillet welds of Tobin 
Bronze and a controlled welding technique. 

Seven hours after the break, the mill was oper- 
ating again and 60 men saved from a layoff. Today, 


nearly a year later, Mr. Morris reports the unit 
has operated perfectly and at twice the former 
hours of service. 

Through such emergencies as this, operators of 
every type of machinery are learning that “Don’t 
scrap it, weld it” is good advice. For complete in- 
formation on bronze welding and the fourteen dif- 
ferent Anaconda Welding Rods now available, 
write for Publication B-13. 


Reg. U.S. Pat. Of 


AnacondA 
WELDING RODS 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN BrAss LTD. 
New Toronto, Ont 
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The Aircomatic Process...An entirely new idea 
for welding aluminum in ALL POSITIONS 


Sensational inits conception, Airco’s new 
Aircomatic Process introduces an en- 
tirely different aluminum fabricating 
technique to industry. With this process, 
welding of aluminum and weldable alu- 
minumalloys ranging inthicknessesfrom 
14” to 2” plus, may be performed in all 
positions — flat, horizontal, vertical and 
overhead. All of the standard joint de- 
signs may be welded in these positions. 


Single or multi-layer welds can be de- 
posited using either beading or weaving 
techniques. Vertical welds may be made 
with either upward or downward travel. 
In short, all of the facility associated 
with metal are welding of steel is made 
available by this process, plus the advan- 
tages of high deposition rates, far ex- 
ceeding those attained by usual welding 
methods, which results from continuous 
filler metal feed and the absence of slag. 


This new welding method consists of 
feeding a bare filler metal in wire form 
at speeds ranging from 100 to 300 inches 
per minute through a manually operated 
gun. The filler metal carries welding cur- 
rent and an arc is maintained between 
the end of the wire and the work. Power 
may be supplied from a standard d.c. 
welding generator. The arc is maintained 
within a controlled envelope of shield- 
ing gas. 
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